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The Effects of /)-Aminobenzoic Acid, Pantothenic Acid 
and Pyridoxin upon Respiration of Neurospora ^ 

Arthur C. Giese and Edward L. Tatum. ^ 

Fiom the Depattment of Biology. Stanfoid Vmverstty. Calif. 

Received Octohei 8, 1945 

IXTRODUCTIOX 

It is known that p-aminobenzoic acid, pantothenic acid and pyridoxin belong to the 
B-complex vitamins which are groT\'th-factors for animals, plants and some micro- 
organisms. Specific respiratory functions of several B- vitamins aie known. Thiamin 
pyrophosphate is the prosthetic ginup of carboxylase and possibly of pyruvic acid 
dehydrogenase. Bo is present in the prosthetic ginup of the alloxazine enzymes, 
nicotinic acid is part of the pjTidine-nucleotidcb, including cozymase. It has also been 
shown that addition of certain vitamins known to be components of respiratory’ 
enzymes to organisms insufficiently supplied with these may strikingly accelerate 
respiration. Pantothenic acid may act in a similar way for yeast (Williams, Mosher, 
andRohrman, 1936), s.nd for Proteus morga mi (Dorfman, Burkman, and Koser, 1936; 
Hills, 1943). 

An opportunity to test the possibility that certain vitamins of the 
B“group may be similarly related to respiratory enzymes presented 
itself when mutant strains of NeuTospora requiring p-aminobenzoic 
acid, pantothenic acid and pyridoxine were obtained (Beadle and 
Tatum, 1941; Tatum and Beadle, 1942a, 1942b). 

Wild-type A", crassa and AT. sitophila need only biotin in addition to 
sucrose, ammonium nitrogen and inorganic salts for gro\\i:h. Each of 
the mutant strains reciuires in addition the particular vitamin which it 
can no longer synthesize. The thiammless mutant requires Bi; p 2 /n- 
doxinelessj Be, etc. Excepting for their vitamin requirement each mutant 

^ This research was supported in part by funds provided by the Rockefeller Foundar 
tion. The authors are indebted to Dr. G. W. Beadle and other members of the genetics 
group for making available mutant strains of Neurospora. To Miss Margaret Briggs 
and Mr. Francis Haxo they are indebted for help v^dth some of the respiratory deter- 
minations, and to Mr. James Horst for some of the alcohol and fat determinations. 

® Present address*. Osborn Botanical Laboratory, Yale University, New Haven, 
Conn. 
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strain is essentially normal and, when supplied with the required 
vitamin, its growth is a function of the vitamin concentration. With a 
completely adequate vitamin supply growiih occurs at the same rate 
and to the same extent for a given carbon-source as in the wild type. 
An excess of vitamin wdll not increase the rate of growth of the mutant, 
nor will the addition of vitamins increase that of wild type (Beadle and 
Tatum, 1941). 


Experimental 

Materials and Methods. To determine whether a vitamin has a probable respiratory 
function, it is necessary to demonstrate a change in the rate of respiration following 
its addition to the appropriate mutant in a state of vitamin deficiency. Standard 
Barcroft-Warburg techniques were used in following respiratory rates in this approach. 

The following mutant strains of Neurospora were used: N. sitophila 299 pyHdoxine-- 
less (Beadle and Tatum, 1941; Stokes, Foster and Woodward, 1943); N. crassa 1633 
p^minobenzoicless (Tatum and Beadle, 1942a); and N. crassa 5531 pantothenicless 
(Tatum and Beadle, 1942b). The cultures were grown at 25° C. in 125 ml. flasks con- 
taining 50 ml. medium (Horowitz and Beadle, 1943) inoculated with fresh conidio- 
spoms. It w^as found necessary to maintain a given ratio of nutrient medium to flask 
volume and to shake the cultures continuously during incubation to obtain reasonably 
comparable and uniform growth. The Q 02 of cultures growm in this manner varied 
from 10-55 mm.^ O 2 per hr. per mg. dry wt. on different days. The age of the culture 
was apparently the most important variable for, in a series of cultures inoculated at 
the same time, very young cultures gave high values, the value declining with age. 
It w'as not possible to predict by the period of incubation the ‘‘physiological age” of 
the culture. 

Under a variety of experimental conditions tried, it proved impossible to grow 
Neurospora in the “yeast-like” form as in the case of other fungi (IQuyver and Per- 
quin, 1933). Fragmentation of mycelium with a butter homogenizer was also tried, 
but the respiration was reduced to only a few per cent of the control.® All subsequent 
experiments were therefore performed with clumps of mycelium, the dry weights of 
which were later determined. 

Unless otherwise indicated the mycelium was always suspended in medium con- 
taining sucrose and aU the salts which Neurospora requires for growth.^ The rate of 
respiration was relatively constant over a period of several hours in such a medium 
indicating that during this period growth was insufficient to interfere with the 
measurements of respiration. (Note the straight lines for rate of respiration in Fig. T.) 

Mycelium obtained from a single 24-hour culture at times showed almost no varia- 
tion but sometimes showed as much as 60% variation in respiration of different sam- 
ples. With older cultures the variation was even greater. It thus became necessary to 

• Even crushing the mycelium between the fingers in some cases reduced the rate 
of rpspiration by 75%. 

; “* Mycelium in distflled water or in buffered balanced salt medium respired at the 
same rate as ih the medium containing ammonium salt needed for growth. 
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conduct experiments in such a way that a control could be established in each 
Warburg vessel before additions of substrate or vitamin so that, in spite of the indi- 
vidual variations, the percentage change produced by additions could be significantly 
determined. 

Ex'perimenls Comparing the Rate of Respiration of Wild Type and 
Mutant Strains, Before studying the effect of vitamins upon respiration 
of the mutant strains, it seemed desirable to determine whether any 
differences were to be observed between the respiration of the mutants 
and the wild type. The results are summarized in Table I. It is apparent 

TABLE 1 

CoTtiparison of Respiration of Wild-Type and Mutant Strains of Neurospora Q 02 in 
mm.® per Hour per mg. Dry Weight 

Strain 


Strain 

Average 

Range 

morphological Average 

Q02 

Q02 

mutants 

Q02 

Wild type 

32.0 

15.1-56.0 

2499 

16.0 

p-Aminobenzoicless (1633) 

21.3 

11.7-31.2 

5827 

19.6 

Pyridoxineless (299) 

27.4 

18.7-35.6 

5452 

19.6 

Pantothenicless (5531) 

19.5 

15.1-26.8 

5801 

29.4 

Thiaminless (1090) 

26.6 

16.0-35.6 

3100 

15.3 

Nicotinicless (4540) 

32.8 

25.0-41.0 

30210 

22.3 


that the respiration of the vitamin mutants and wild type is of the same 
order of magnitude. This is not surprising in view of the fact that rate of 
growth of these mutants when supplied with the needed vitamin is 
comparable to that of the wild type. 

It seemed interesting to study the rate of respiration of some of the 
‘‘stunted” morphological mutants in this connection, since their rate 
of growth is much slower than that of the wild type. The results in the 
right-hand column on Table I indicate that the rate of respiration is of 
the same order of magnitude as that of the wild type, although the 
average for the group of mutant forms is somewhat lower. Apparently 
the morphological mutants are unable to use the nutrients or their 
products for growth as eflSiciently as can the wild type or the biochemical 
mutant strains. 

When vitamins are added to a wild type culture, there is no change in 
respiration (Fig. 1). Experiments were tried adding Bi, jHamihobenzoic 
acid, pantothenic acid. Be and a mixture of all the vitamins of the 
B-complex, including some factors not yet fully established in the 
recognized complex. Cultures grown in inadequate sugar respond to its 
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addition, but there is no further increase when a vitamin or a mixture 
of vitamins is added. This indicates that in healthy wild type cultures, 
the rate of respiration is not limited by the concentration of vitamins of 
the B-complex. In other words, the cell suppUes all it can use. Some of 
the data are shown in Fig. 2. Similarly, there is no accelerating effect 
of addition of vitamins to mutant strains grown in an adequate supply 
of vitamins and sucrose as shown in Fig. 1. 



Fig. 1 

Effect on Respiratory Rate of Addition of Vitamins to Wild Type and to Mutant 
Cultures Grown in Adequate Nutrient and Vitamin Medium 

Experiments on Vitamin Deficient CuUures. The accelerating effect on 
respiration of vitamin Bi is well known for yeast and brain tissue, A feiv 
studtes were therefore made adding vitamin Bi to the thiaminless 
mutknfc of Neurospord. Such an addition resulted in a small but sig- 
diffciaiit change in slope, indicating an increase in the rate of respira- 
tibow The results are summarized in Fig. 3 and Table IL An average 
. iner^^ of about 40% was obtained in the experiments tried. The 
Jnexea^ in rate ocoured fairly soon after the addition of the vitamin. 

; j^ininobenzoic acid was added to a culture of the correspond- 
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ing mutant stai’ved for this vitamin, an increase in the rate of respira- 
tion was observed, the average being about 27.5%. Similar experiments 
were performed vdth pantothenic acid and pyridoxin with essentially 
similar results; the average increase in the first case was 25%, in the 
second 36%. The data are summarized in Figs. 3, 4 and 5 and Table II. 
If the vitamin mutant strain is starved for sucrose but not for vitamin, 



Fig. 2 

Effect on Respiratory Rate of Addition of Sucrose at “A” * to Wild Type and at 
to Mutant Cultures Starved by Growth on Inadequate Sucrose 

there is an acceleration of respiration after adding sucrose (Fig. 2). 
However, if the mutant strain is starved for both sucrose and vitamin, 
the rate of respiration increases folio^ving the addition of both vitamin 
and sucrose (see Fig. 2). If the cultures are starved too long for either 
vitamin or sucrose or especially for both, the mycelium tends to dis- 
integrate and there is but little response to any additions. The additions 
are then followed by a slow gradual upswing in the respiration which is 

* In “A” vitaininS were added only to the culture shown by solid black circles. 
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not pronounced for several hours. Unfortunately, it was difficult, even 
under what seemed to be the same conditions, to consistently obtain a 
satisfactory degree of starvation for both carbohydrate and vitamin. 

From these results it is apparent that at least two factors limit the 
rate of respiration; (a) the amount of available substrate, and (6) the 
amounts of the limiting \dtamin supplied. The observed increase in 
respiratory rate following the additions of vitamin might be due to (1) 
use of the vitamin as a nutrient; (2).gro’(vth of the mycelium as a whole; 



(3) direct involvement of these vitahiins in enzymes catalyzing reac- 
tions resultmg m oxygen consumption; or (4) indirect effects resulting 
in greater concentrations or activities of the enzymes concerned in 
o^g^ uptake. ^ such minute quantities of vitamins are used and 
the ^Mt IS so lasting, the &st possibility is excluded. The second 
unlikely, for the increase in respiration occurs in 
minutes and an increase in mycelium corresponding to a 

*« 'X' mposrible. 
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However, if the effect of a vitamin involves a specific increase in some 
particular enzyme sj^-stem, the response to the vitamin addition might 
be expected to be fairly rapid. The response to the addition of Bi was 
almost immediate; in the case of the other three vitamins it was some- 
what slower, requiring 15-45 minutes. This slower response was not due 
to an inadequate supply of the vitamin as concentrations in excess of 
the minimal amounts did not speed up the response. Thus, in an experi- 
ment with the p-aminobenzoicless mutant 20, 2 and 0.2 y of p-amino- 
benzoic acid caused a simultaneous and equal increase of 56% in the 
rate of respiration, while 0.002 y produced no effect. Similar results 


TABLE 2 

Effect on the Rate of Respiration of Addition of Vitamins to Mutant Strains of Neurospora 
Grown on Inadequate Amounts of Vitamin 


Mutant strain 

Av. Qoa 
starved 

Av. Qos 
after 
adding 
vit. 

Per cent of 
increase 

Cone. vit. 
in G^ture 
medium in 

7 per 100 cc 

Cone. \>it. 
added in 

7 per 
vessel 

Thiaminless^ 

12.9 

18.7 

45 

0.1 

20» 

p-Aminobenzoicless 

22.6 

28.7 

27 

0.06-0.4 

0.1-20 


24.0 

43.1 

56 

0.1 

0.2-20 


28.0 

28.0 

0.0 

0.1 

0.002-0.02 

Pantothenicless 

21,8 

27.0 

22.8 

4-40 

0.1-100 

Pyridoxineless 

19.2 

26.4 

37.4 

0.1-0.4 

0.1-20 


1 Culture not shaken during growth. 

* Generally 20 y of the vitamin were added to each Warburg vessel except in the 
test runs on the effect of different concentrations of vitamin. 


were obtained with pantothenic acid and with pyridoxine. The rate of 
penetration is probably not the limiting factor, either, under the condi- 
tions of the experiment, for two of the vitamins used are organic acids 
which should penetrate most effectively in the undissociated state (see 
Wyss et al^ 1944). Dissociation is less at a low pH and most of the 
experiments were performed at pH 4.6-5.5. If these vitamins are di- 
rectly involved in enzymes catalyzing particular reactions in respiration 
it might be possible to demonstrate this by testing their effects on the 
oxidation of a variety of substrates. It was found that wild type and 
mutant strains of Neurospora, starved for sucrose only, are able to 
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oxidize hydrolyzed casein or a mixture of synthetic amino acids fairly 
well, but not single amino acids; similarh', they oxidize glycerol, ethyl 
alcohol, acetic, pyruvic and lactic acids faii'ly well, but not malic and 
succinic acids. To test the effect of vitamins, the mutants must be 
starved for both vitamin and sucrose. However, mutant strains starved 
for both sucrose and vitamin did not respond with much regularity to 
these nutrients and often the mj’^celia disintegrated and the response 



Fig. 4 

Effect on Respiratory Rate of the Addition of Pantothenic Acid to the Panto- 
thenicless Mutant and of 'p-Aminobenzoic Acid to the p-Aminobenzoicless IMutant 
When the ^lutants Are Starved for the Respective Vitamins by Grot^^th in Inade- 
quate Vitamin. 

was very feeble. This is due to the high d^ree of starvation required, for 
if a full gro^vn mycelium is merely shaken in a medium devoid of 
fiutrients it continues respiring much as it did in the medium, apparently 
(Ml material stored in the cells, only gradually showing a decline in the 
rated! respiration. The exhaustion of the stored nutrients is so slow and 
mfmblement resultiBg from prolonged starvation of this type so 
{great, that the study <rf vitamin effects on substrates other than 
'.Wcrdse had tdTje abandoned as the results were too irregular. All that 
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can be said from these experiments is that the oxidation of such sub- 
strates as were tested seemed to depend on the vitamin concentration 
in the same way as did the oxidation of sucrose. In other words, no 
specific relationships of substrate to vitamin were observed. 

On the other hand, if the vitamins under investigation accelerate 
respiration indirectly by an effect on the synthesis of other vitamins 
concerned directly \yith. respimtory enzymes, one might expect that 
increasing the other vitamins in the solution might influence the general 



Fig. 6 

Effect of Addition of Sugar and Pyridoxine to the Pyridoxineless Mutant 
Starved for Both Sugar and Vitamin 

metabolism. It was found, however, that the total respiration was unaf- 
fected by additions of vitamins other than the one for which a given 
culture was starved. Also, after the. addition of the deficient vitamin, 
additions of other vitamins of the B-complex did not further increase 
the rate of respiration. Any effect would, therefore, be on the incorpora- 
tion of the respiratory vitamins into the enzyme systems of the cell 
rather than on the synthesis of the vitamins themselves. 

Experiment on Respiratory Quotients, It seemed possible that with 
more definite information on the overall metabolism of Neurospora 
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under different conditions of starvation one might be able to analyze 
the functions of the B-vitamins under investigation. Respiratory quo- 
tients were, therefore, determined under various conditions, in 
some cases by the standard Warburg methods and in others with 
Summerson manometers. 

For nomml cultures of wild type or the vitamin mutants, the R.Q. values were 
consistently greater than unity. With the Summerson manometers values as high as 
1.95 and 2.28 were obtained in two instances. During starvation for vitamins in the 
vitamin mutants, the values fell giadually to 1.0, but no lower values were observed 
in the presence of carbohydrate. When the wild type was starved for carbohydrate, 
however, the R.Q. fell to unity and then to less than unity, the lowest ofesrved being 
0.66, the average for five determinations being 0.75. When such starved cultures wore 
supplied with sucrose the R.Q. returned to 1.0 in three hours. 

The high R.Q. observed in normal healthy cultures could be imag- 
ined as due to the production of reduced products such as fat, alcohol 
and proteins. Tests were made for accumulation of fat by staining with 
Sudan black (Hartman, 1940). No very marked difference could be 
discerned between the experimental and the control cultures, except in 
very old cultures in which there is a greater accumulation of black- 
staining globules. Determinations of alcohol were made by the colori- 
metric method of Gibson and Blotner (1938). A 24-hour culture of 
Neurospora contained alcohol equal to 8% of the weight of the myce- 
lium, a 48-hour culture 17%, a 72-hour culture 52% and a 96-hour 
culture 74%.® In the latter case, about 24% of the sucrose decomposed 
appeared as alcohol. Alcohol is, therefore, produced in larger quantity 
as the culture ages and as O 2 consumption and growth decrease. Cal- 
culations have indicated that in older cultures the production of fat 
and alcohol could account for the observed R.Q. values. However, 
there must be other reduced materials formed in young active cultures 
to account satisfactorily for the high R.Q. values observed. It seems 
likely that the most important reduced product in these cultures is 
protein. 


Discussion 

It is clear from this study that the rate of respiration may not always 
be a clear index of the state of any given system in the respiratory 

.* After 66 hours ex)wth 10 mg. of the 750 of sucrose supplied per 50 cc. of Fries 
m^um still remain. 
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complex. This rate is due to so many factors that analysis is difficult. 
This is brought out clearly in studies on the effects of ultraviolet light 
on respiration (Giese, 1941, 1942) where the rate of exogenous respira- 
tion is seen to remain at a normal level, even when the cells have been 
exposed to a dosage which is sufficient to prevent their multiplication 
and many metabolic processes may have been impaired. In the present 
study it is indicated in the difficulty with which the rate of respiration 
of Neurospora is affected by the medium. It is also strikingly brought 
out in the “stunted^' morphological mutant strains which grow at a 
very slow rate yet show a respiratory rate of the same order of magni- 
tude as the rapidly growing controls. 

The increase in rate of respiration in Neurospora on addition of Bi is 
not surprising in view of the function of this and certain other vitamins 
as prosthetic groups of important respiratory enzymes (see Rosenberg, 
1945). The similar results with p-aminobenzoic and pantothenic acids 
and with pyridoxin suggest that these vitamins may have similar 
functions in Neurospora, However, Neurospora proved rather unsatis- 
factory for respiratory measurements and, so far, attempts to define the 
exact respiratory functions of these vitamins have not been successful. 
It has not been possible to associate the increases in rate of respiration 
with specific metabolic reactions or enzymes nor to demonstrate con- 
clusively that the effects are indirectly upon the entire enzymatic 
system of the cell, although the latter seems most probable from the 
available evidence. 

Respiratory quotients appreciably lower than unity were observed in 
cultures starved for carbohydrate, or for carbohydrate and vitamins. 
These values suggest oxidation of reduced cellular materials. If the main 
reduced product is protein, as seems likely from other considerations, 
and if this is oxidized in the absence of available carbohydrate, it is 
understandable that protein depletion might result in the general de- 
bility of the cells so consistently observed in cases of extreme starva- 
tion, and evidenced by the progressive failure of such cells to respond 
to vitamin or carbohydrate additions. 

The results suggest that the high R.Q. values of healthy young 
cultures are due primarily to assimilatoiy reactions, possibly the syn- 
thesis of protein. There can be very little protein or other reduced 
product synthesized under conditions of vitamin or carbohydrate 
starvation which result in R.Q, values of unity or less. The values of 
approximately unity found for vitamin starved cultures suggest that 
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there is no qualitative impairment of oxidative metabolism and that the 
vitamin deficiencies result in the failure of assimilatory reactions, pos- 
sibly of protein synthesis. 

If p-aminobenzoic acid, pantothenic acid and pyridoxin are concerned 
primarily in assimilatory processes such as protein synthesis, and are 
not directly involved in respiratory enzymes, how are the stimulating 
effects of their additions on the Qoj values to be interpreted? It seems 
most probable that such increases in the rate of oxygen uptake result 
from increases in the concentrations or activities of enzymes catalyzing 
reactions fairly directly involved in oxygen consumption. The evidence 
suggests that deficiencies for the three vitamins investigated do not 
result in deficiencies for other vitamins, which might be constituents of 
respiratory enzymes. One possibility which might be suggested is that 
p-aminobenzoic acid, pantothenic acid and pyridoxin are involved not 
only in overall protein synthesis, but also in the synthesis of enzyme 
proteins. If this were true, deficiencies in these vitamins might result in 
lowered respiratory enzyme concentrations and their additions would 
result in increased enzyme synthesis and then in an acceleration of the 
rate of oxygen consumption. A somewhat analogous interpretation has 
been suggested for the effect of biotin on respiration and ammonia 
utilization of S. cerevesiae (Winzler, Burk and du Vigneaud, 1944). 
Recent evidence has indicated that one of the vitamins studied in the 
present investigation with Neurospora, pyridoxine, is also involved in 
protein metabolism (Lepkovsky, Roboz and Haagen-Smit, 1943; Gun- 
salus, Bellamy and Umbreit, 1944; Schlenk and Snell, 1945). 

Summary 

1. Wild type and vitamin mutant strains of N. crassa and N. sitophila 
have a Qo, of from 10 to 55 mm* ©2 per hour per mg. dry weight, the 
value depending on the age of the culture and the state of nutrition. 

2. Morphological mutants which grow very slowly, even when sup- 
plied with a “complete” medium, respire at a rate of the same order of 
magnitude as the control wild type. 

: 3. The respiratory rate of wild type starved for sucrose may fall to 
^ low-M 6 mm.Vmg' dry weight/hour and on addition of sucrose will 
ifierease, dn.the average by 340%. 

y. 4;, ;Gulto^ starved for vitamin alone show only a small decline in 
.; r^iiatipn and -cctt. addition of yitemin show an increase of from 13 to 
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70%. However, cultures starved too long respond only feebly to addi- 
tions. 

5. The respiratory rate of the vitamin mutants falls to even lower 
levels following starvation for both sucrose and vitamin. 

6. The respiratory quotient is generally greater than one in the 
healthy cultures, close to one for vitamin-deficient cultures, and less 
than one in cultures staiwed for carbohydrate. Alcohol and fats are 
produced in amounts inadequate to account for the high respiratory 
quotient of vigorous cultures. 

7. The increases in respiration produced by their addition to properly 
starved mutant strains indicate that p-aininobenzoic acid, pantothenic 
acid and pyridoxine may have respiratory functions in Neurospora. It is 
suggested that these functions may be indirectly concerned with respii*- 
atory enzymes, possibly through the effects of these vitamins on protein 
synthesis. 
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Introduction 

The basis of the anti-bacterial action of sulfanilamide is still in ques- 
tion in spite of the tremendous volume of research in this field (Henry, 
1943). Sulfanilamide has no effect on respiration of most micro-orga- 
nisms. However, sulfonamides have been reported to inhibit the action 
of certain enzymes (Sevag and Shelboume, 1942; Sevag, Shelboume 
and Ibsen, 1942) as well as overall respiration (Wyss, et al, 1942; Sevag, 
et al, 1945a, 1945b) and especially assimilation in E. coU (Clifton and 
Loewinger, 1943). The inhibition of the growth of Neurospora by sul- 
fanilamide (Tatum and Beadle, 1942) is counteracted by ^^-an^ino- 
benzoic acid which is in accord with the Woods-Fildes hypothesis of a 
specific relationship between sulfanilamide and p-aminobenzoic acid 
(Woods, 1940; Woods and Fildes, 1940). The problem then was to de- 
termine whether the groA\'th retardation of Neurospora was the result 
of an inhibition of respiratory activity. It seemed particularly desirable 
to test Neurospora since a p-aminobenzoicless mutant, the growth of 
which is a function of the p-amxnobenzoate supplied, was available for 
the study. 


Experimental 

Cultures and Methods. Neurospora crassa lA (wild type) and N. crassa 1633 p-<Lmmo~ 
benzoicless (Tatum and Beadle, 1942) were used. Respiratory measurements were 
made by standard Barcroft-Warburg techniques using cultures of Neurospora grown 
under conditions described elsewhere (Giese and Tatum, 1945). Growth experiments 

^ Work supported in part by grants from the Rockefeller Foundation. The authors 
are indebted to Miss Margaret Briggs for help with many of the respiratory deter- 
minations. 

® Present address: Osborn Botanical Laboratory, Yale University, New Haven, 
Coim. 
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were caiTied out in synthetic medium (Horowitz and Beadle, 1943) using' 25 ml. 
of medium in 250 ml. flasks, incubated at 25®C. 

Effect of Sulfanilamide on Respiration. When the wild type mycelium 
of Neurospora Avas exposed to sulfanilamide (or siilfapyridine or sulfa- 
fchiazole) in a variety of concentrations up to saturation, there was no 
effect on oxygen uptake over periods up to four hours after addition of 
the drug. The oxygen consumption of wild type Netirospora supplied 
Avith limiting concentrations of sugar also Avas not significantly different 
from that of controls. Similarly conducted experiments Avith the 
p-aminobenzoicless mutant strain, groAvn in either adequate or sub- 
optimal supplies of p-aminobenzoic acid also failed to shoAv any effect 
on respiration as did analogous experiments Avith the thiaminless, 
pyridoxineless and pantothenicless mutants. 

It was thought that the absence of respiratory inhibition might be 
due to the failure of sulfanilamide to penetrate the cells at the pH used. 
Since pH affects the action of sulfanilamide in certain cases (Schmelkes, 
Wyss, Maries, Ludwig and Strandskov, 1942), tests Avith both strains 
of Neurospora were repeated at a variety of pH values. There Avas no 
effect of sulfanilamide on respiration over a pH range of 4 to 8. 

Since, in these experiments, respiration Avas folloAved for only a few 
hours after the addition of sulfanilamide, it seemed possible that an 
inhibition of respiration might be found after longer treatment. Wild 
type cultures groAvn for periods up to three days in different concentra- 
tions of sulfanilamide respired at approximately the same rate as nor- 
mal cultures, in spite of the inhibition of groA\i;h observed in the higher 
concentrations. Finally, cultures depleted of carbohydrate reserves by 
growth in medium containing only 0.1% sucrose Avere exposed to sul- 
fanilamide for periods up to 24 hours. The respiratory responses of 
these cultures to carbohydrate additions were then compared AAuth those 
of control starved cultures. There Avere no significant differences in the 
absolute respiratory rates of the two cultures on addition of sucrose. 
However, it Avas observed that the increase in Qo^ in per cent of the 
basal endogenous Qo^ Avas significantly greater in some cultures treated 
AAuth sulfanilamide. This was true with a variety of substrates as shown 
in, Table I. There Avere no differential variations in the Qo* values of 
specific substrates which could be correlated with the sulfanilamide 
treatment. The greater per cent increases of the sulfanilamide cultures 
W^re probably due in part to the lower basal rates of these cultures, 
\^ince the absolute Qo, values after substrate additions were about the 
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TABLE I 

Effect of Sutfanilamide 07 i Oxygen Consumption of Carbohydrate Starved Cultures 
Figures in the body of the table give the per cent increases in consumption over the 
endogenous rate on addition of other various nutrients. 


Control Sulfa-poisoned ® 

Nutrient Added No. 81 No. 83 No. 81 No. 83 

Sucrose 62 12 144 100 

Pyruvate 25 11 31 20 

Glycerol 35 33 100 100 

Acetic acid 110 86 225 175 

Lactic acid 0 11 38 20 

Amino acids ^ 27 44 100 ■ 25 

Endogenous Qo 2 18-55 16-24 16-21 12-16 


1 Hydrolyzed casein. 

® Treated with sulfanilamide (50 mg. per 50 ml. medium) for 24 hours before 
respiratory measurements. 


same in both types of cultures. The possibly significant observation 
was made that cultums treated with sulfanilamide in the absence of 
carbohydrate remained in better condition physiologically than those 
without sulfanilamide, and showed less tendency to disintegration on 
prolonged carbohydrate starvation. If this deterioration is due to pro- 
tein or enzyme destruction or oxidation (see Giese and Tatum, 1945), 
these processes may be slowed down by sulfanilamide. 

If the growth effect of p-aminobenzoic acid on Neurospora (Tatum 
and Beadle, 1942) is due to its participation in assimilatoiy or syn- 


TABLE II 

Growth Inhibition by Sulfanilamide ^ 


Age of 
culture at 
suifanilamido 

Wt. of 
culture 
at 

Growth pe- 
riod measured 

Growth as per cent of normal in the fol- 
lowing concentrations of sulfanilamide 
(mg. per SO ml.) 

Final wt. 
of control 

addition 

addition 


5 

10 

25 

50 

100 


(Jwurs) 

(my.)a 

(Ar«. after 
inoculation) 






img.) 

24 

1.6 

24-48 

27.4 

22,4 

26.5 

29,2 

21.5 

27.4 

24 

1.6 

48-96 

44.6 

34.2 

18.1 

19.2 

21.7 

38.6 

48 

23,2 

48-96 

— 

88.4 

77.5 

63.5 

35.1 

43.8 


1 Strain 1633 (p-aminobenzoicless) with I 7 PAB per 25 ml. culture in a 260 ml. 
Erlenmeyer flask grown at 26°C. on a shaker. 

* Dry weight, average of two series. 
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thetic reactions in protein metabolism as suggested by Giese and Tatum 
(1945), and if sulfanilamide directly antagonizes p-aminobenzoic activ- 
ity, the action of sulfanilamide may involve the retardation or slowing 
of reactions concerned mth both protein synthesis and breakdown (see 
Kohn and Harris, 1941, 1943). Both types of reactions must be involved 
in protein synthesis. There is an increasing body of evidence that cellu- 



Fig. 1 

Effect of Sulfanilamide Added' to a Growing Culture of Neurosporat p-AminobonzoicleBS 
Strain (No. 1633) Grown on 0.5 y PAB per 25 ml. Medium. 

Note the much greater effect of even low concentrations added to the ono-day-old 
culture. 

lar proteins are in a continual state of change, or dynamic state (see 
Schoenheimer, 1942). These concepts and the suggested roles of 
p-aminobenzoic acid and sulfanilamide in growth and metabolism of 
Nmrospora would necessitate a qualitative change in metabolism in 
p-aminobenzoic deficiency or in the presence of sulfanilamide. This is 
perhaps supported by the R.Q. of around 1.0 observed with p-amino- 
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benzoic deficient cultures (Giese and Tatum, 1946) and by the fact 
that R.Q. values of from 1.01 to 1.12 have been obtained with wild type 
cultures grown in the presence of sulfanilamide. 

Effect of Sulfanilamide on Growth. In an attempt to further define the 
effects of sulfanilamide on growth of Neurospora, a number of growth 


r 



Fig. 2 

Per Cent Inhibition of Growth of Neurospora (Strain No. 1633) Grown on 0.5 7 
PAB per 25 ml. by Sulfanilamide Added at Different Times During Growth. 
Effects measured between the second and fourth days of culture. Note the much 
greater effect on the younger culture. Compare with the value of 8 mg. per 26 cc. of 
sulfanilamide required to inhibit germination of conidiospores in liquid medium 
(Tatum and Beadle, 1942). 

studies were made. It has previously been shown that concentrations of 
sulfanilamide of 10 mg. per 15 ml. will completely inhibit germination 
of Neurospora conidia on solid medium, as will concentrations of 8 mg. 
per 25 ml. in liquid medium (Tatum and Beadle, 1942). 

In order to test the relation of sulfanilamide to growth under condi- 
tions more comparable to those used in the respiratory studies, wild 
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type cultures were grown in liquid media for different periods of time 
beWe sulfanilamide additions. Subsequent growth measurements are 
given in Table II. The following conclusions seem justified: (1) a 
mycelium growing in liquid medium is resistant to much higher con- 
centrations (up to 50 mg. per 25 ml.) of sulfanilamide than will inhibit 
conidial germination or gro\vth on solid medium; (2) the degree of 
inhibition is reciprocally related to the weight of the mycelium (which 
is a function of the age of the culture) at the time of sulfanilamide addi- 
tions; (3) the inhibitory effects of lower sulfanilamide concentrations 
is overcome after a period of time; (4) the growth is an inverse function 
of sulfanilamide concentration up to a concentratipn of about 25 mg. 
per 25 ml., which inhibits growth to about 20% of the control. However, 
higher concentrations, up to 100 mg. per 25 ml., do not further inhibit 
growth, as shown in Fig. 1. 

Discussion 

Since sulfanilamide fails to reduce the Qo, of Neurospora, even in 
very high concentrations, its inhibition of growth of this organism can- 
not be due to changes in oxygen consumption and may be due to effects 
on reactions not , directly concerned in overall oxygen uptake. As 
p-aminobenzoic acid reverses the growth-inhibiting action of sul- 
fanilamide, a specific relation to p-aminobenzoic acid is suggested. 
Respiration of cultures of the mutant grown in minimal or insufficient 
p-aminobenzoic acid is not affected by additions of sulfanilamide. How- 
ever, addition of the vitamin to such deficient cultures is followed by an 
increase in respiration (Giese and Tatum, 1945). It is, therefore, possi- 
ble that p-aminobenzoic acid has more than one effect on metabolism 
and that only some synthetic activity leading to cell growth is inhibited 
by sulfanilamide. The facts that R.Q. values of about 1.0 are found in 
cultures grown in sulfanilamide and in p-aminobenzoic-deficient cul- 
tures of the mutant strain, whereas values well over 1 .0 and in the 
extreme approaching 2.0 are found for healthy, actively growing cul- 
tures of the mold may support this view, since the high R.Q. of active 
cultures seems be^ explained by protein synthesis (Giese and Tatum, 
1^6). The fall in the R.Q. in aged, starving or poisoned cultures is 
presumably due to the decline in the rate of synthesis. Thus a qualita- 
' ^*^plwJigein the metabolism of Neurospora following poisoning w;ifh 
et^imi^mide seems mfficated even, though quantitative change in Qo, 



SULFANILAMIDE AND NEUROSPOBA 


21 


are not observed after addition of the poison. A similar role of sulfanil- 
amide has been suggested by various studies Avith micro-organisms 
(Clifton and Loewinger, 1943; Kohn and Harris, 1941 a, b, 1943; 
Harris and Kohn, 1940, 1941, 1943; von Euler, 1942; Andemon, Pilgrim 
and Elvehjem, 1944; Dorfman and Koser, 1942). 

The difference in effects of sulfanilamide on germination of conidia 
(Tatum and Beadle, 1942) and on groAvth of Neurospora mycelium may 
be satisfactorily explained on the basis of the above concept of the 
action of the poison. The conidia appear to be very sensitive to sul- 
fanilamide and are easily prevented from germinating, whereas cultures 
already actively groAving can be inhibited only to the extent of about 
80% in the presence of 100 mg. of sulfanilamide per 25 ml. of culture 
fluid. In conidia the enzymes are pi-esumably only present in very low 
concentrations and active synthesis is required for growth. In growing 
cultures enzymes are already present in larger amounts. Therefore, the 
greater sensitivity of conidia is to be expected. This would be somewhat 
analogous to the apparent need of carboxylase for the germination of 
Neurospora tetrasperma ascospores (Goddard and Smith, 1938). 

The results stand in contrast to the effects of iodoacetate since the 
threshold concentrations of iodoacetate for inhibition of germination of 
conidia and of groAvth of mycelium are similar (Ryan, Tatum and Giese, 
1944). lodoacetic acid also has a definite inhibitory action on respira- 
tion as well as on growth of Neurospora and this inhibition is released 
by succinic acid. The mere retardation of groAvth of myeelia of Neuro- 
spora, in contrast to the complete inhibition of groAvth of conidia, by 
sulfanilamide suggests that in groAving Neurospora certain reactions 
essential for groAvth are resistant to sulfanilamide since growth could 
not be reduced to loAver than about 20% of normal. These resistant 
reactions may be qualitatively different from the susceptible reactions 
responsible for 80% of normal growth of the mycelium. Since sugar, 
even in limiting amounts, is respired to about the same degree by 
poisoned cultures and controls, there seems to be no interference by 
sulfanilamide with gross uptake or respiration of this nutrient. The 
respiration of other nutrients is also not reduced in poisoned cultures 
(Table I). The key germination processes, on the other hand, appear to 
be 100% susceptible to sulfanilamide inhibition. This may be due to 
qualitative differences in these key reactions which occur at gerniina- 
tioh. 
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Summary 

1. The rate of respiration of Neurospora is not affected by sulfanil- 
amide even when the medium is saturated with the poison. This is true 
of healthy and starved cultures of either the wild type or the p-amino- 
benzoicless strain. Deficiency of vitamin in the latter strain does not 
render its respiration more sensitive to sulfanilamide. 

2. The oxidation of sucrose starved mycelium is not altered by the 
simultaneous addition of sulfanilamide. However, mycelia starved in 
the presence of sulfanilamide, when supplied with various nutrients, 
including sucrose, respond even better than do the controls. This sug- 
gests that sulfanilamide may have a preservative effect on the respira- 
tory structure of the cell. This effect may result from inhibition of pro- 
tein (enz3rme) destruction during starvation. 

3. The growth of cultures of Neurospora actively growing at the time 
of addition of sulfanilamide is inhibited only to an extent of 80%. 

4. The results can be, interpreted on the Woods-Wildes hypothesis 
only if it is assumed that sulfanilamide and its analogues affect syn- 
thetic reactions. Qualitative changes in metabolism which presumably 
follow sulfanilamide interference with the synthetic processes resulting 
in growth do not bring about quantitative changes in total oxygen 
consumption. 
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Introduction 

In 1937 and 1939 R. Hill (1, 2) reported that when isolated chloro- 
plasts were suspended in an aqueous extract of acetone-treated yeast or 
leaves and illuminated, O2 was evolved. In the yeast extract the active 
principle was found to be a ferric salt of some organic acid or acids. Of 
several ferric salts tried as substitutes, potassium ferric oxalate re- 
sulted in the highest rate of O4 evolution. Also reported was the fact 
that simultaneously with the O2 evolution there was a reduction of the 
potassium ferric oxalate, and that the volume of oxygen produced per 
unit of ferric salt corresponded closely with the theoretical amount 
that would be obtained from the following reaction, which has been 
designated as the Hill reaction by French, Newcomb and Anson (3) : 

light 

(1) 4K3Fe(C204)8 + 2H2O -f- 4K+ »• 

chloroplasts 

4K4Fe(C204)3 + 4H+ -h O* T . 

Up to the present, three methods of measuring the activity of chlo- 
roplast suspensions for producing oxygen in the above manner have 
been reported. These are: (a) spectrophotometric determination of the 
rate of oxyhemoglobin formation when the oxygen was evolved in a 
solution of muscle hemoglobin (1, 2) ; (b) measurement of the ferrous 
iron produced during the HUl reaction by its action on methemoglobin 
which it reduces to hemoglobin. The latter was measured spectrosoopi- 

’ Part of the equipment used in this work was purchased with a grant from the 
Graduate School of the University of Minnesota. 

‘The experiments reported here will be submitted in partial fulhllment of the 
requirements for the Ph.D. degree from the Univeraty of Minnesota.- 
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cally as oxyh^nioglobin (4) ; (c) manoinetric nicasurcnient of the rate of 
oxygen evolution when potassiuni fenicyanido was used as the oxidiz- 
ing agent (5). The latter method allowed oxygen to accumulate to such 
pressures as would have caused reoxidation of the potassium ferrous 
oxalate by oxygen in the hemoglobin methods. 

In this paper we are presenting a constant pH titration method with 
which the rate of the reaction is measured by neutralizing the acid 
produced from the reduction of potassium ferric oxalate. 

By means of the manometric and titration methods the effects of 
different variables on the rate of the reaction were investigated and 
are repoiijed here. 

Methods 

The methods and the apparatus used in the isolation of the chloroplasts and in 
the measurement of the amount of chlorophyll in the chloroplasl suspensions were 
the same as those used by French and Anson (6). Fresh market spinach was used 
throughout as a source of chloroplasts. The composition of the reaction medium, 
referred to hereafter as Hill’s solution, was as follows: 


K»Fe(CN)6 0.02 M 

Fe(NH4)(S04)2 0.01 il/ 

K 2 C 2 O 4 0.60 M 

Suciose 0.20 M 


Sodium sorbitol borate (0.17 M) was used as the buffer in the manometric measure- 
ments. 

1, Measurement of the reaction hy titration 

As seen from Equation 1, in addition to the production of one mole of oxygen, 
four moles of acid should be produced. In view of data piesented later we Ix^Ueve 
this stoichiometric iclationship to be valid also in the presence of potassium f(‘rri- 
eyanide and we have used the acid production as a moans of measuring the rate ol 
the reaction. The method was designed primanly to make possible rapid det(‘imina- 
tions of the activity of various chloroplast preparations. Measurements liave Ihh^ii 
completed within ten minutes after isolation of the chloroplasts. Th<‘ unit used for 
comparing the rates of H'*' pioduction irom diffei'ent chloroplast suspensions was 

m ^ cu. mm. 

^ ^ hrs. X mg. chlorophyll X 4 

(Rate of base consumption in inl./hr.) X (Noimality of base) X 22.4 X 10 ** 
mg. chlorophyll X 4 

The factor 4 in the denominator is used on the basis of Equation 1 to make QjjV 
directly comparable with Q^. 

♦os- 


CU. mm. Oj g -V 

hrs. X mg. chlorophyll ^ 
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To make these measurements, 10 ml. of HilFs solution were placed in a 50 ml 
beaker around which cold water was circulated in a glass bottomed chamber. The 
beaker contained the extension electrodes of a Beckman pH meter, a thermometer, 
a motor driven glass stirrer, and the tip of a 5 ml. automatic burette. The burette, 
graduated to 0.01 ml., was surrounded by a glass jacket through which the cold water 
circulated after having passed through the glass-bottomed chamber. When the 
Hiirs solution came to the desired temperature, the chloroplast suspension was 
added and the pH was rapidly adjusted with 0.1 N H 2 SO 4 or KOH. The beaker was 
illuminated from below by a 1000 watt tungsten bulb with a parabolic reflector 
which provided about 4,500 foot candles filtered through 4 inches of water below 
the beaker. A stopwatch was then started, after which 0. 1-0.3 ml of weak KOH 
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Fig. 1 

The Production of H+ by Illuminated Chlproplasts in 10 cc. of Hill^s Solution 

The amount of 0.014 N KOH required to keep the pH at 6.5 is plotted against 
time. The temperature was 10®C. and the chloroplast concentration was 
equivalent to 0.40 mg. chlorophyll per 10 ml. Hills solution 

(0.015 or 0.006 N) was added from the burette. This caused a very slight increase 
in pH, and the time required for the pH to return to the original value was recorded. 
Another 0. 1-0.3 ml. portion of the base was immediately added and the procedure 
repeated as long as necessary. Measurements were usually continued for 5-10 
minutes. We were thus able to obtain a plot of the ml. of base consumed against 
elapsed time of illumination from which the initial rate of H*** production was ob- 
tained graphically. 

Acid production stopped when the light was turned off as shown in Fig. 1, 
indicating that thermal oxidation of chloroplast constituents by the ferricyanide 
could not have been responsible for the observed acid production during the illumina- 
tion period. The sensitivity of this method depends upon the amount of pH change 
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produced iu the mL\tm‘c of chloroplaslb and Hill’s solution when a. given amount 
of acid or base is added. The sensitivity is gi’eatest near neutrality but it has U'on 
found to be adequate in the range from pH 5.5 to pH 8.0. The titration curves of a 
chloroplast suspension and of Hill’s solution at the concentrations used for most 
of this work are given in Fig. 2. It is evident that the chloroplast/ material is re- 
sponsible for only a very small part of the buff ('ring action. 

2. Measurement of the Oxygen Evolution 

Two ml. of Hill’s solution made up 1.5 times the concentrations listed above 
and 0.5 ml. of 1 M sodium sorbitol borate were added to the main space of a doublo- 



Fig. 2 

Titration Cui'ves of 10 ml. of Hill’s Solution, and of 2 ml. of a Chloroplast Buspeusion 
Containing 0.560 cu. mm. of Chloroplasts with O.l AT HCl and 0.1 AT KOII 

armed Warburg vessel. One-half ml. of chloroplast suspension was placed in one 
sideaxm, and 0.3 ml. of 10% KOH was placed in the other to absorb OO 2 . The vessels 
were immersed in a thermostat tank at 15®C. and rocked for five minutes while 
nitrogen was being introduced. This was followed by a dark equilibration period of 
apprcHdmatdy fifteen minutes, at the end of which time, the chloroplast suspension 
was tipped into the main space of the vessel. The vessels were then illuminated by 
light provided by one 40 watt frosted "Lumiline” bulb, eighteen inches long and 
located one inch Mow the vessels. The light intensity on the bottom of the vessels 
obtained from this system was approximately 250 foot candles. The first reading 



PHOTOCHEMICAL ACTION OP CHLOROPLASTS 


29 


was taken at the end of ten minutes illumination and subsequent readings were 
taken at five minute intervals for thirty-five minutes more. The initial rate of the 
oxygen evolution in cubic millimeters per minute was determined graphically, and 
converted to the rate in cubic millimeters per hour per milligram of chlorophyll, 

To rule out such variables as differences in the areas of the bottoms of the vessels 
exposed to the illuminating system, a series of experiments using five manometer- 
vessel combinations at a time were made with conditions as nearly identical as 
’possible. Only those combinations which varied 5% or less in rate at fifteen minutes 
were used for subsequent experiments. 



Fig. 3 

Titration Curve of 260 ml. of 0.002 M Sodium Sorbitol Borate 
with 2 N H2SO4 and 2 N KOH 

A solution of 1 M sodium sorbitol borate buffer was prepared from the approxi- 
mately 3.3 M Atlas Powder Company ® product. One disadvantage of using this 
reagent as a buffer was that it buffered only at constant volume, the pH increasing 
considerably on dilution. This was compensated for by adding either 26% sulfuric 
acid or 60% potassium hydroxide to the stock solution in such concentration as 
would result in the desired final pH for the vessel contents. 

To obtain a titration curve that would not be complicated by the dilution effect 
due to addition of the titrating acid or base, 260 ml. of a 0.002 M solution were 
titrated with 2 N sulfuric acid and 2 N sodium hydroxide. The curve is shown in 
Fig. 3, and is typical of that obtained from the titration of a boric acid solution to 
which such substances as glycerol and mannitol have been added (7), The fact that 

» We wish to thank Mr. H. C. Speel of the Atlas Powder Company, Wilmington, 
Del., for the samples of sodium sorbitol borate. . 
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it buffered from pH 5.5 to pH 9.0 and did not precipitate insoluble iron salts made it 
a suitable reagent for the usual physiological range. Measurements of the pH of 
the buffered Hill's solution-chloroplast mixture before and after a forty-five minute 
period of illumination in the Warburg vessels showed but a few hundredths of a pH 
unit decrease. All pH readings were made with a Beckman glass electrode pH meter 
at 20“C. 


Results 

1. The Effect of Light on the Production of Add from HilVa 
Solution Without Chloroplasts 

To make sure that the observed acid production was due solely to 
the photochemical reduction of potassium ferric oxalate by the chloro- 
plasts, the effects of light on the various constituents of HilPs solution, 
alone and in combination, were determined. 


TABLE I 

The Production of Oaa from HiWs Solution 
White light of 250 f.c.; temperature 15®C. 


Sidearm 

Main space 

Atmosphere 

Cu. mm. of gas produced or consumed 
in 1 hour 

10% KOH 

Hill's solution 

N, 

Calculated as Os Calculated as COa 

+ H - 

— 

Hill's solution 

N, 

- +17 

10% KOH 

Hill's solution 

air 

- 7 — 


plus boiled 
chloroplasts * 
Hill's solution 

N, 

~ +9 

plus boiled 
chloroplasts ® 

1 Not significant since the readings are accurate only to ± 1.0 cu. mm. 


* The chloroplast concentration was equivalent to 0.3 mg. of chlorophyll per vessel. 

Hill’s solution when illuminated by white light (4500 foot candles) 
produced acid. This, presumably, was due to photoreduction of ferric 
oxalate, since illuminating a solution of potassium ferric oxalate caused 
the production of acid and of ferrous iron as shown by a strong positive 
test with o-phenanthroline after illumination. Acid production by 
Hill’s solution was eliminated by filtering the light through a Corning 
No. 246 red filter which removed wave lengths below 568 mp. No 
ferrous iron or acid was observed after a ten minute period of illumina- 
tion of a solution of potassium ferric oxalate by the red light. When a 
solution of potassium ferricyanide was illuminated by the ur^tered 
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light, it very rapidly became basic. This effect was also eliminated by 
means of the same filter. The presence of inactive (boiled) chloroplasts 
or a lowering of the light intensity caused reduction of the rate of acid 
production by Hill's solution. No pH change occurred when boiled 
chloroplasts in Hill’s solution were illuminated by the filtered light. 

The possibility of gas production from Hill’s solution when illumin- 
ated by white light of ca. 250 f.c. as used for the manometric experi- 
ments was also investigated. The results are given in Table I, and show 
that a nitrogen atmosphere and 10% KOH in the sidearm are necessary 
if the observed volume changes are to result entirely from oxygen 
evolution by the chloroplasts. 

No gas exchange measurements were made at the higher intensity, 
which was used only with the titration assembly. Ferric oxalate is 
known to evolve COs and CO when illuminated with blue or ultraviolet 
light. This is evidently an entirely different type of reaction from the 
photoreduction of ferric oxalate by illuminated chloroplasts which 
results in the simultaneous evolution of oxygen. 

2. The Stoichiometric Relations Between Oa, H+, and Ferricyanide 

The relationships expressed by Equation 1 were found by Hill, and 
by Hill and Scarisbrick (2, 4) to be valid by their hemoglobin and 
methemoglobin methods. For the two methods used in this paper, 
involving the presence of ferricyanide, nothing has been presented 
concenung the agreement of the observed amounts of oxygen and acid 
produced with the amounts expected from Equation 1. 

•The reaction between potassium ferrous oxalate and potassium 
ferricyanide is presumed to be: 

(3) KiFeCCaOOs + KsFe(CN)6 K,Fe(C204)8 + K4Fe(CN),. 

This means that the total amounts of the oxygen and acid produced 
by the reaction of Equation 1 should be quantitatively related to the 
amount of ferricyanide present provided the ferricyanide concentration 
is small and the reaction is allowed to run to completion. This assurap- 
tion should be valid if the rate of photoxidation is low, and if there are 
present only negligible amounts of substances capable of reducing 
ferricyanide but not involved in the Hill reaction. Using Hill’s solution 
modified to contain 16 X 10~* moles of ferricyanide per y^sel, the 
;..'1;heoretioal volume of oxygen that should have been evolved was 84 
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mm.* With nitrogen atmospheres the volumes obtained from fiA'o 
separate detenninations were 78, 78, 76, 78, and 80 mm*., respectively, 
giving an average of 92.9% of the theoretical volume. Further illumina- 
tion of these vessels showed a slow uptake of gas, j)rosumably due to a 
slow rate of photoxidation. With an air atmosphere the average yield 
was 72 mm.*, and further illumination caused a very rapid decrease 
of gas volume due to the uptake of oxygen resulting from photoxidation 
as shown in Fig. 4. 



Fig. 4 

The Tnfluenee of Nitrogen and Air Atmospheres on the Observed Oxygen Production 
from Hill's Solution Containing a Limiting .Amount 
(15 X 10'" moles) of Forricyamde 
pH 7.0. 13°C., 0.40 mg. of chlorophyll per vesstd 


It is evident that the manometric measurement of the oxygen cvohi- 
tion was complicated by a simultaneous photoxidation which resulted 
in oxygen uptake, and to reduce this effect to a minimum an inert 
atmosphere such as nitrogen must be used. 

In the titration experiments the agreement between the amount of 
acid produced with the amount of ferricyanidc present was close to the 
theoretical. The solution used contained 6.0 X 10~® moles of ferricya- 
nide, and 3.05 ml. of the 0.0197 N KOH used should have been con- 
sumed according to Equation 1. The volumes used in five separate 
determinations were: 2.99, 3.22, 2.90, 2.92 and 3.08 ml, respectively, 
making an average of 3.02 ml. or 99.0% of the theoretical amount. 
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for the loss in activity could easily be made and the results obtained 
from determinations made at different times could be compared as if 
no loss in activity had occurred. 

The rates of acid production were determined at 3°, 9®, 15®, 20® and 
25®C. with aliquots from a single stock suspension. Three minutes 
were allowed to elapse after the addition of the chloroplasts to Hill’s 
solution. This was done to permit final adjustments of the pH and the 
temperature. The results are given in Fig 5. and show that increasing 



Fio. 6 

The Effect of Temperature on tie Rate of H"*" Production at Zero Exposure 
of the Chloroplasts to Hill’s Solution 
pH 7.08, 0.006 N KOH, 0.19 mg. of chlorophyll 

the temperature over the range 3-20®C. caused an increase in the rate 
of the Hill reaction, at the same time causing an increase of the rate of 
the inactivation of the chloroplasts. The chloroplasts in Hill’s solution 
were most stable at 3®C. Because of the increase of the rate of inactiva- 
tion of the chloroplasts with increasing temperature it was necessary, 
therefore, to determine the rate of H+ production at zero exposure of 
the chloroplasts to Hills solution. This was done by adjusting the pH. 
of Hill's solution so that pH 7.08 was obtained when 1 nil. of suspension 
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was added. The rates obtained plotted against temperature are shmvn 
in Fig. 6, from which it is clear that the velocity of the Hill reaction 
increases with temperature up to 25®C., the highest temperature used. 
Because of the veiy rapid inactivation the absolute initial rates at 
20°C. and 25°C. were difficult to obtain and were very probably higher 
than are indicated in Pig. 6. The effect of temperature on the stability 
of the chloroplasts in Hill’s solution is shown in Fig. 7, in which the 
reciprocals of the times at which the initial rate of H+ production were 
reduced 50% are plotted against temperature. The temperature co- 
efficient of the Hill reaction was approximately 3.5 for the interval 



Fro. 7 

The Effect, of Tomperaturo on tho Rato of the Inactivation of Illuminated 
Chloroplasts in Hill’s Solution 

The reciprocal of tho time required for the suspention to lose one-half of its 
initial activity is plotted against the temperature 

3-15°C. For the same interval the temperature coefficient for the inac- 
tivation of the chloroplasts was about 3.9. The low value of Qio for the 
inactivation could be interpreted as indicating the exhaustion of some 
necessary reactant within the chloroplasts rather than the denaturation 
of an enzyme. 


4. The Effect of pH 

(o) Titration Measurements: In one set of experiments carried out 
at 10®C. the pH maximum was near pH 7.0. However, because of the 
above mentioned influence of temperature on the rate of inactivation 
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of the ehloroplasts, these measurements are probably some\^hat inac- 
curate, particularly at the higher pH values. Therefore, the pH curve 
was also determined at 3°C., the lowest temperature obtainable with 
our apparatus. At this temperature the maximum rate of H+ produc- 
tion was obtained near pH 7.60, as is shown in Fig. 8. The effect of pH 
on the stability of chloroplasts in Hill’s solution at 3®C. can be seen in 
the same figure, the lower curve of which was obtained from the rates 
at 200 seconds of illumination (320 seconds after the chloroplasts were 



Fig. 8 

Crosses: The Initial Rate of Production of lUuiniaatod Chloroplasts in 
Solution at Various pH Values. Circles: The Rale of Acid Production After 
the Chloroplasts Had Been in the HilFs Solution for 320 Seconds 
3°C., 0.25 mg. of chlorophyll 

added to Hill’s solution). Above pH 7.2 the chloroplasts were more 
rapidly inactivated the higher the pH. 

(fi) Manometric Measurements: For these experiments the concentra- 
tion of the chloroplast suspensions prepared on different days was ad- 
justed to be equivalent to 0.28 mg. of chlorophyll per vessel. Suspen- 
sions prepared from different batches of spinach give different rates 
per umt of chlorophyll concentration, and to compensate for this, the 
rates obtained at pH 7.0 from different suspensions were used as the 
bases for adjusting the observed rates to what they would have been 
if a single suspension of constant activity could have been used. The 
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initial values of plotted against pH arc shown in Fig. 9, the maxi- 
mum being near pH 7.0. 

To determine whether different rates of photoxidation (6) at 
different pH values might have been responsible for the lower rates of 



The Rate of Oxygen Production at Various pH Values with Both Air and Nitrogen 
Atmospheres .at 15®C., 0.28 mg. of Chloroph^^U per Vessel 



Fio. 10 

The Effect of pH on the Rate of Photochemical Oxygen Uptake from an Air Atmos- 
phere by Ghloroplasts Immersed in Hiirs Solution with Perricyanido Omitted 
15®C., 0.23 mg. of chlorephyll per vessel 
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oxygen evolution found at the higher pH values, the rates of oxygen 
uptake when fenicyanide was omitted from HilPs solution were deter- 
mined. The rates of photoxidation plotted as — Qjj! values against pH 
are given in Fig. 10. The maximum was near pH 6.8, showing that the 
lower rates of oxygen evolution at pH values other than pH 7.0 were 
not due to higher rates of photoxidation. This was further confirmed 
by the fact that the shape of the cui*vc in Fig. 9, which was obtained 
for oxygen evolution with a nitrogen atmosphere, was identical with 
that obtained with an air atmosphere. 


5. The Effect of Ferricyanide Concentration 

The rates of oxygen evolution for five different ferricyanide concen- 
trations at pH 6.9 were determined by the manometric method. The 
results are given in Table II. Apparently the optimum concentration 
is near 0.02 although the greatest variation from the maximum 
rate for the other concentrations is but 10%. 


TABLE II 

The Rale of 0% Evolviion Chloroplaets in HUTs Solution 
Containing Different Concenirationa of KtFe(CN)i 

Ferricyanide concentration Rate of reaction 


mdealliter 

0.006 610 

0.010 626 

0.020 676 

0.040 641 

0.060 611 


6. The Effect of Chloroplast Concentration 

In order to determine whether the rate of the Hill reaction was di- 
rectly proportional to the amount of chloroplast suspension present, 
the rates for various concentrations were determined by the manomet- 
ric and the titration methods. 

(a) Titration Measuremente: With the light intensity used for this 
method (4500 foot candles of white light in front of the red filter) the 
rate of H+ production was directly proportional to the amount of 
chloroplast suspension present in the 50 ml. beaker up to and including 
the amount equivalent to 0.8 mg. of chlorophyll. 

(b) Manometric Measurem&nis: The aliquots of suspension used 
were equivalent to 0.095, 0.189, 0.284 and 0.378 mg, of chlorophyll. 
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The rates of oxygen evolution plotted against the respective amounts 
of chlorophyll are given in Fig. 11, and show that, for the light inten- 
sity used with this method (250 foot candles), the rates were not 
directly proportional to the amount of chloroplast suspension present 
over the practicable range of chlorophyll concentrations. 

7. The Effects of Omitting Various Constituents of Hill’s SolvJtion 

To determine which of the various constituents of Hill’s solution 
would most limit the rate of oxygen evolution from spinach cUoro- 
plasts, various combinations were tried. The critical compound neces- 
sary for any oxj'gen evolution was found to be potassium ferricyanide. 



Fia. 11 

The Effect of Chloroplast Concentratioa on the Rate of Oxygen Production 

IS-C., pH 7.0 

The concentrations of the compounds were kept the same as in com- 
plete Hill’s solution. 

In Fig. 12 are given the cuiwes showing oxygen evolution from the 
following combinations: (1) complete Hill’s solution, (2) K2C2O4 +■ 
K3Fe(CN)6, (3) Fe(NH4)(S04)2 + K3Fe(CN)„ (4) KjFeCCN),, all 
at pH 6.8 with 0.017 M sodium sorbitol borate. 

In order to compare accurately the rates of oxygen evolution from 
the above combinations, the pH at which the maximum rate of oxygen 
evolution occurs should be found in each case. This has been deter- 
mined only in the case of K2C2O4 + KsFe(CN)6 with both sodium 
sorbitol borate and phosphate buffers at 15°C. The curves in each 
case were almost identical. The data for the sodium sorbitol borate 
buffer is given in Fig. 13. The maximum rate was found to be near 
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pH 7.7. The shape of the cuiTe on the acid side of the optimum is 
giTnilar to that for Hill’s solution, and there is a similar rapid falling off 
in rate near pH 8 . 0 . This might show that the decline of the rate in an 
alkaline solution of complete Hill’s solution is not due to the precipita- 
tion or binding of Fe+++ from Hill’s solution as Fe(OH )8 since Fe+++ 
was omitted in this experiment. The values obtained from com- 
plete Hill’s solution at pH 7.0 and from K 2 C 2 O 4 + KsFe(CN )6 at pH 
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Pio. 12 

Oxygen Production by Spinach Chloroplasts Immersed in Various Combinations 
of the Constituents of Hill’s Solution 

1.— mi’s solution; 2.— 0.60 3/ K 2 CSO 4 + 0.02 M KjFefCN),; 3.— 0.01 M 
Pe(NH«)(S 04)2 + 0.02 M KJPe(CN),; 4.— 0.02 M K,Fe(CN),. IS'C., pH 6 . 8 , all 
with 0.17 N sodium sorbitol borate buffer. 0.28 mg. of chlorophyll per vessel. 

7.7 were 436 and 403 respectively with the same chloroplast prepara- 
tion, showing that the absence of Fe+++ from the reaction solution had 
little, if any, effect on the maximum rate attainable although it does 
affect the optimum pH value. 

With potasdum ferricyanide alone there was oxygen evolution, 
which was proved by the fact that, with 10 % potassium hydroxide in 
one sidearm, yellow phosphorus in the inset, and a nitrogen atmos- 
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phere, no increase of gas volume occurred, while the identical compon- 
ents in another vessel without phosphorus gave a QS of 180- 

Discussion 

The possible connection between the Hill reaction and the Os pro- 
duction step of photosynthesis has been discussed by Hill (2), Hill 
and Scarisbrick (4), French and Anson (6), and by French and Rabi- 
deau (8), and will not be dealt with here. The main point of this paper 
is to present the optimum conditions to be used in determining the 
rate of the Hill reaction and to show that, when ferricyanide is used as 
the oxidant for potassium ferrous oxalate, the equivalence of 4Fe+++, 



Fio. 13 

The ESeot of pH on Oxygen Evolution by Spinach Chloroplasts Inuncised in a 
Solution Containing 0.60 M KsCsOi 4- 0.02 M KaFe(CN)e 
15°C., 0.20 mg. of chlorophyll per vessel 

4H+, and Oj will be observed if certain conditions are used. The fact 
that H+ is produced enables one to measure the rate by means of 
titration, which is a much less time-consuming procedure than mano- 
metric measurement of oxygen evolution, and at the same time elim- 
inates any possible specific buffer effects. 

The fact that HiU and Scarisbrick (4) used their hemoglobin and 
methemogolbin methods to determine the effect of pH and of tempera- 
ture on the rate of the reaction makes direct comparison of their results 
with ours impossible. They report that the values they found were con- 
cerned chiefiy with the effect of pH and temperature on the reagents 
rather than on the active components of the chloroplasts. A possibly 
significant finding presented here is the fact that when illuminated 
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spinach chloroplasts are inunersed in a solution containing no potas- 
sium ferric oxalate, but containing only ferricyanide, sodium sorbitol 
borate buffer and sucrose, oxygen is evolved. Hill and Scaiisbrick (5) 
report that no oxj'gen was evolved from illuminated suspensions of 
Stellaria media and Chenopodium Bonus Henricus, immersed in potas- 
sium ferricyanide alone. One explanation for this seemingly anomalous 
Oa production may depend on the possibility of the natural occurrence 
of potassium ferric oxalate within spinach chloroplasts. Kohman (9) 
found the oxalate concentration in spinach leaves equivalent to about 
9.0% anhydrous oxalic acid on a dry weight basis. Also, Liebich (10) 
reported 0.06% Fe in spinach chloroplasts on a dry weight basis. No 
information has been obtained as yet concerning oxalate concentration 
in the chloroplasts. Another explanation could be the replacement of 
ferric oxalate by ferricyanide. Hill (2) hypothecated that a readily 
oxidized and reduced substance A within chloroplasts is reduced when 
the chloroplasts are illuminated, and that the ferric oxalate complex 
reoxidized the reduced form of A. If ferricyanide docs react with the 
reduced form of A, the reaction for the reduction of ferricyanide would 
probably be: 

light 

(4) 4K!Fe(CN)« 4K+ -I- 2H20 

chloroplasts 

4K4Fe(CN)e -|- 4H+ -h Os. 

Before this can be confirmed, further study must be made with sus- 
penmons of chloroplasts prepared from plants known to have a negligi- 
ble oxalate content. 


Summary 

1. The rate of the Hill reaction, which results in the siraultaucouK 
production of O 2 and H"*" by illuminated chloroplasts, can be measured 
by constant pH titration. 

2. For every four moles of ferricyanide reduced one mole of O 2 
and four moles of H+ are produced. 

3. Photodecomposition of Hill’s solution, which results in H+ pro- 
duction, is eliminated when a red filter removing wave lengths below 
568 m/t. is used. Photoxidation, which occurs simultaneously with the 
Hill reaction, is reduced to a minimum by using a nitrogen atmos- 
phere. 
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4. The temperature coefficient of the Hill reaction is about 3.5 for 
the interval 3-15°C., while that of the inactivation of chloroplasts in 
Hill’s solution is about 3.9 over the same interval. 

5. At 15“C. the maximum rate of oxygen evolution measured mano- 
metrically was at pH 7.0. With the titration method the maximum 
rate of H+ production was at pH 7.0 at 10®C., and at pH 7.6 at 3®C. 

6. Photoxidation by chloroplasts suspended in a solution containing 
potassium ferric oxalate, sodiiun sorbitol borate and sucrose was found 
to have a pH maximum near pH 6.8 at 15®C. 

7. The rate of oxygen evolution is essentially independent of the 
ferricyanide concentration between 0.005 and 0.06 M at 15®C. 

8. Spinach chloroplasts suspended in a solution containing only 
potassium ferricyanide, sodium sorbitol borate and sucrose, when 
illuminated, evolve Oa at about one-half of the rate obtained with the 
complete Hill’s solution. 
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Introduction 

Patients with nicotinic acid deficiency consistently excrete less 
“trigonelline” than normally nourished individuals. The urinary 
excretion of “trigonelline” was, therefore, proposed as a measure of 
nicotinic acid nutrition (1, 2). More n^cently it was found that a large 
portion of the metabolite appearing in the urine after the ingestion 
of nicotinic acid is not trigonelline, but its amide, or N-methyl- 
nicotinamide (3, 4, 5, 6). Since the analytical method used by us 
does not differentiate between trigonelline and N-methylnicotinamide 
all our values will be given in terms of “trigonelline.” The term 
trigonelline will be reserved to the pure crystalline substance ad- 
ministered orally. Many components of man's diet (coffee, tea, choco- 
late, legumes and nuts) contain large amounts of trigonelline which is 
excreted in the urine. Unless these foods are avoided, the urinary 
“trigonelline” is not a true' index of nicotinic acid metabolism (7). 
Likewise, the nicotine in tobacco is partially absorbed and excreted in 
the urine, thus increasing the apparent nicotinic acid value (8, 9). 
Abstinence from toliacco and coffee Is difBcult to obtain even under 
liospital surveillance' for short periods of time. 

The purpose of this study was to determine the length of time 
required for the complete excretion of absorbed nicotine and ingested 
trigonelline, in patients on a constant diet. 

^The expenses of this investigation were defrayed by the Upjohn Company, 
Kalamazoo, Mich, and the Horace H. Rackham School of Graduate Studies, Uni- 
versity of Michigan, Ann Arbor, Mich. 

® Upjohn Research Fellow in Medicine. Present address: Chicago Medical School, 
710 S. Wolcott, Chicago 12, 111. 
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Preliminary determination showed that the excretion of ''trigo- 
nelline” after ingestion of coffee and other substances is not constant, 
due probably to variations in trigonelline content. In the case of 
coffee, great variations were found depending on the brand and the 
method of brewing. A standard oral dose of trigonelline was therefore 
used. 

Experimental 

1. The Urinary Excretion of Ingested Trigondline» ‘Trigonelline’ ' was determined 
by the method of Fox, McNeil and Field (10). 

Seven patients with peptic ulcer were used in this study. They were on a Sippy 
diet, which is constant and very low in trigonelline. During the experimental period 

TABLE I 

Excretion of Trigonelline-Like Substances After Oral Administration of a 200 mg. 
Test Lose of Trigonelline Sidfate 
All values expressed as mg./4 hr. 


Subjects 


nuun 

J.P. 

C.M. 

S.J. 

P.L. 

L.F. 

E.R. 

J.S. 

Av. 

Before Test 

5.0 

4.0 

2.4 

2.7 

Bi 

4.0 

1.3 

1 3.3 

Dose 

4.8 

4.0 

2.4 

1.5 


4.0 

1.5 


4.8 

— 

— 

— 

— 

— 

— 



4.6 

— 

— 

— 

— 


— 



5.0 

— 

— 

— 

— 

— 

— 


After Test 









Dose 4 

23.0 

17.6 

37.7 

9.5 

14.7 

2.9 

9.8 

16.4 

S 

79.0 

50.1 

26.5 

32.9 

42.9 

2.2 

36.7 

38.6 

12 

52.0 

13.3 

16.0 

23.3 

44.7 

17.5 

31.8 

31.2 

16 

58.0 

17.7 

14.5 

11.6 

9.5 

12.0 , 

— 

20.5 

20 

— 

— 

— 

— 

— 

— 

27.8 

— 

24 

46.0 

15.0 

— 

8.4 

9.0 

13.3 

10.5 

17.0 

28 

4.6 

9,7 

10.1 

14.4 

13.3 

5.2 

7.4 

9.2 

48 

1.2 

3.8 

2.2 

0.4 


1.5 1 

6.3 

3.5 

72 

0.5 

— 

1.5 

0.3 


1.2 j 


1,0 

96 1 

1 

___ 




H 

— 1 

0.9 

— 


the patients received no other food than 2 ounces of cream every 2 hours. After at 
least two 24 hour basal determinations of urinary “trigonelline,” 200 mg. of trigo- 
nelline sulfate in a gelatin capsule were fed. The urine was then collected at 4 hour 
intervals for 16 hours and then after 24, 48 and 72 hours. 

The urinary ‘^trigonelline” rose sharply from an average basal value of 3.3 mg./4 
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hours to an average value of 38.6 mg./4 hours. The peak was reached iu 4 to 12 
hours, after which the excretion of trigonelline-like substances gradually decreased 
and returned to normal or sub-normal values 48 to 72 hours after the ingestion of 
the test dose.® (See Table I.) 

It is apparent that the excretion of ingested trigonelline is a relatively slow process 
and that at least two days should elapse between the last ingestion of coffee or other 
trigonelline-containing foods and the determination of urinary “trigonelline” for the 
purpose of examining the status of nicorinic acid nutrition. 

TABLE II 


Effect of Smoking on the Urinary Excretion of Nicotinic Acid- and 
Trigonddme-Like Substances 

All values expressed in milligrams of nicotinic acid and trigonelline per 24 hours 


Pationt 

Basal 3 day av. 

Smoking 7 to 25 cigarettes 

Day following smoking 

“Nicotinic 

acid” 

“Trigo- 

nelline’' 

“Nicotinic 

acid" 

“Trigo- 

nelline" 

“Nicotinic 

acid" 

“Trigo- 

nelline" 

B.K. 

11.6 

38.7 

13.0 

24.0 

10.0 

29.0 

P.F. 

8.3 

35.7 

10.0 

29.0 

— 


S.L. 


18.7 

9.5 

13.0 

9.0 

9.7 

B.M. 


22.7 

16.0 

14.0 

10.0 

18.2 

O.K. 

12.6 

17.3 

18.0 

17.0 

14.0 

13.0 

E.M. 

9.0 

21.7 

13.0 

12.0 

10.0 

15.0 

R.F. 

— 

18.3 

— 

12.7 

— 1 

10.0 

S.F. 

— 

29.7 

— 

28.0 

— ‘ 

20.0 

P.II. 

— 

14.7 

— 

26.7 

— 

15.0 

Average 

10.1 

23.7 

13.4 

19.6 

10.6 

13.7 


2. The Effect of Tobacco on the Excretion of Nicotinic Add- and TrigoneUine-IAke 
Substances, Twelve experiments were performed on 9 normal laboratory workers. 
In 9 cases no attempts wore made to control the diet other ll\an the elimination of 
coffee, tea, chocolate, beans and nuts. Tlirec basal 24 hour collections of urine were 
made. This subjects then smoked 7 to 15 cigarettes in one day making an effort to 
inhale the smoke. The urine specimens excreted during the smoking day and the 
following 24 hour period were collected separately. 

“Nicotinic acid” was determined by the method of Mclnick and Field (11).^ The 

» The administration of trigonelline was followed by an increase in the excretion 
of nicotinic acid-like substances, an unexpected result which will be discussed in a 
separate note as it has interesting implications. 

* The method is not i^ciffc for nicotinic acid but determines many other substances 
containing the pyridine ring, provided the nitrogen is trivalent. It will determine, 
therefore, nicotinamide, nicotinuric acid and nicotine, but not trigonelline and 
N-methyl-nicotinamide (11). 
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average 24 hour excretion of “nicotinic acid” was 10.1 mg. It rose to 13.4 mg. during 
the smoking period and returned to 10.6 mg. 24 hours later. (See Table II.) The 
results wei’e qualitatively the same in all experiments, although the increase in 
nicotinic acid-like substances was greater when the smoke was more deeply inhaled. 
Only in one experiment (P.H.) did the excretion of “tiigonelline” increase during 
the smoking period. 

In 3 experiments the subjects ate only milk; the urine was collected every 2 hours 
for 8 to 16 hours. Each period of smoking was followed by two periods in which the 
subject did not smoke. In one case, a final sample of urine was collected 24 hours 
after the beginning of the experiment. (See Table III.) 


TABLE III 

Effect of Tobacco on the Urinary Excretion of Trigonelline- and Nicotinic 
Acid-Ldke Substances 


All values expressed in mg. of trigonelline and nicotinic acid per 2 hours 


Hours 

B.M. 

N.F. 

P.F. 

Cigar- 

ettes 

“Tngo- 

nelline” 

“Nico- 

tinic 

acid” 

Cigar- 

ettes 

“Tiigo- 

nelhne*’ 

“Nico- 

tinic 

acid“ 

Cigai- 

ettes 

“Trigo- 

nelline” 

“Nico- 

tinic 

acid” 

0-2 

2-4 

4-6 

6*^8 

8-10 

10-12 

12-14 

14-16 

16-18 

18-20 

0 

0 

9 

0 

0 

7 

0 

6.3 

3.8 

3.4 

2.8 

2.4 

2.4 

3.7 

0.9 

0.9 

3.8 

2.4 

1.9 

3.2 

1.2 

0 

0 

4 

0 

0 

5.7 

4.0 

4.1 

2.8 
4.4 

2.2 

2.7 

4.7 

4.0 

2.0 

I 

0 

0 

5 

0 

0 

5 

Dinner 

0 

3 Pipes 
0 

16.0 

7.5 
6.0 

5.2 

4.0 

3.6 

3.2 

4.7 
8.6 

6.0 

1.7 

1.6 

2.2 

3.9 

1.4 

1.8 

2.7 

1.6 

1.6 

3.0 


A rise in the apparent urinary exci-otion of “nicotinic acid” ooeurH during I'ach 
smoking period and is sometimes still apparent in the following 2 hour period. The 
excretion of “trigonelline” waa not affected by smoking. 

The ^ual decline of “trigonelline” excretion during the o.xperiment was probably 
due to the slow elimination of the trigonelline ingested with food in the days preceding 
the experiment. In contrast to this the excretion of nicotine seems to be rapid. 

^n the excretion of nicotinic acid-Uke substances is used for the diagnosis of 
subctaoal deficiency, smoking should be avoided at least during the period in 
which unne is collected. Smoking is permissible if “trigoneUine” excretion is used as 
an index of nicotinic acid nutrition. 
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Summary 

1 . Following the OTal administration of 200 mg. of trigonolline, the 
iirinaiy excretion of trigonelline-like .substance is increased and rctums 
to normal after 48 to 72 hours. Coffee, chocolate, tea and legumes, 
which contain relatively large amounts of trigonelline, should bo 
eliminated from the diet for at least 2 days preceding the chemical 
determination of “trigonelline” in the urine. 

2. Smoking is followed by an apparent increase in nicotinic acid 
excretion, probably due to the pi'osence of nicotine in the urine. 
Smoking should.be prohibited during the collection of urine for the 
detennination of “nicotinic acid.” 

3. Smoking does not increase the apparent urinary excretion of 
“trigonelline.” 
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Studies on the Biochemistry of Tetraliymena 
VI. Folic Acid as a Growth Factor for T. Geleii W 
George W. Elidder 

{Fiom the Arnold Biological Ijahoraiory^ Brown Umversity, Providence, R. /.) 

Rocoived September 4, 1945 

Introduction 

Until the discovery that two of the ‘‘unknown growth factors^^ for 
Tetrahymena geleii W could be replaced with chemically identified sub- 
stances (1) and that Factor II was not readily adsorbed on activated 
charcoal, it had been impossible to determine whether or not folic acid 
functioned as a growth requirement for this ciliate. When it was nec- 
essary to supply Factor I as the lead acetate precipitate fraction of 
emde extracts, and this factor was found to be readily adsorbed on 
activated charcoal it was apparent that any folic acid in the extracts 
would always be found in this fraction. With the substitution of purines 
(guanine, adenylic acid) for Factor I and pyrimidines (cytidylic acid, 
uridylic acid) for Factor III the role of folic acid could be determined. 
Folic acid has been found to be a growth requirement for IT. geieii W 
and the quantitative data presented below are important when it is 
noted that this is the first organism of animal nature to be studied 
under aseptic conditions in relation to this growth substance 

Experimental 

Tho organism list'd in this study was Tetrahymena geleii \V, the strain which was 
used in earlier investigations (1, 2, 3, 4, 6) grown in pure (bacteria-freo) culture. The 
base medium used is given in Table I. 

The base medium was tested for folic acid with LacidbaciUua casei using the 
amino acid base medium of Hutchings and Peterson (6). This was especially im- 
portant for the Factor II preparation as all the other constituents were of chemically 
known constitution. Tho Factor II preparation used was the same as that employed 
in the study of nucleic acid and its derivatives (1) and it was found that after the Norit 
treatment all of the folic acid had been removed from tho lead acetate filtrate fraction 
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of Liver fraction L*. When the Factor II preparation was added to tho L. casei base 
medium in concentrations up to four limes that used for tho ciliate no growth of the 
bacteria occurred in the absence of added folic acid. The addition of folic acid, 
however, resulted in optimum growth of the ba(‘teria showing that, these concenti-a- 
tions of Factor II arc not toxic. 

Although yeast nucleic acid (hydrolyzed) had previously been found to permit 
somewhat better growth of Tetrahymma than the purines and pyrimidines used (1) it 
was entirely unsatisfactoi*y for this work as it contains appreciable amounts of folic 
acid. 


TABLE I 

Final Concentrations of Constituents of Base Medium 



mg.lml. 


ylnl 

l-(+)-Argmine monohydro- 


Biotin methyl ester 

. . . 0.00005 

chloride 

0.82 

Calcium pantothenate . . 

. . . 0,10 

/-(— )-Histidine monohydro- 


Thiamin hydrochloride 

. .. 0.10 

chloride 

. 0.10 

Nicotinamide 

. . . 0.10 

dZ-Isoleucine 

. 0.35 

p-Aminobenzoic acid 

.. 0.10 

dZ-Leucine 

. 0.35 

Pyridoxine hydrochloride. . . . 

. 0.10 

dZ-Lysine 

. 0.60 

Riboflavin 

.. 0.10 

dZ-Methionine 

. 0.34 

i-Inositol 

. .. 1.00 

dZ-Phenylalanine 

. 0.14 

Choline chloride 

. .. 1.00 

dZ-Serine ' 

, 0.04 



dZ-Threonine 

. 0.20 


mg.lml 

Z-( — )-Tryptophane 

. 0.10 

Guanine hydrochloride 

... 0.05 

dZ- Valine 

. 0,20 

Adenylic acid 

. .. 0.05 

Dextrose 

. 2.00 

Cy tidylic acid 

, 0.05 

MgS04.7H20 

. 0.10 

Uridylic acid 

... 0.05 

K 2 HPO 4 

. 0.10 



Caa2.2HsO 

. 0.05 

Factor II preparation added in concen- 

FeCU.eHsO 

. 0.00125 

trations of 1 pait in 10 parts of final 

MnCl2.4H30 

. 0.00006 

medium 


ZnCU 

. 0.00005 




All experimental scries were carried out in 2 ml. volumes of medium in 125 X 7 mm. 
Pyrex test tubes plugged with Pyrex wool (5). In all cases three serial transplants 
were made with bacteriological loops and the population densities were doterminod 
in the third serial transplant after 72 hours of incubation at 25*C. All glassware was 
made chemically clean with dichromate-sulfuric cleaning solution followed by thor- 
ough rinsing and air-drying. All media were made with water twice distilled over 
permanganate in an all-Pyrex still, and sterilization was by autoclaving. 

When the base medium, without folic acid, was inoculated with 
Tetrahymma geleii W from a heavy culture, growth occurred in the 

^ Furnished through the courtesy of Dr, David Klein and the Wilson Laboratories. 
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first transplant due to the carry-over of folic acid both in the medium 
and in the ciliates. That the ciliatcs, grown in the presence of folic acid, 
store appreciable amounts of the growth factor was demonstrated by 
washing the organisms aseptically b^^^ centrifugation. After four washes 
in folic acid-free medium (10 ml. at each change) the inoculated ciliates 
grew to moderate concentrations in the first transplant in the base 
medium. The second transplant, however, was very low and the third 
invariably negative. 

The addition of folic acid ^ (O.I7 per ml.) to the base medium re- 
sulted in optimum and indefinitely transplantable growth, under these 
conditions, and demonstrated that this growth factor was essential 
for this organism. 

In a scanning test for the effective concentrations of folic acid for 
T, geleii W the growth factor was added in serial dilutions from IO7 per 
ml. to O.OOOOOI7 per ml. From the results of this test it was possible to 
determine the effects of graded doses of folic acid in the effective range 
(O.OOI7 per ml. to 0.057 per ml.). This experiment was repeated three 
times and the figures averaged and plotted. These data are presented 
in Fig. 1 . 

With a folic acid concentrate (potency of 5000) dosage range from 
0 to 0.027 per ml. a linear response occui-s. Above this concentration 
smaller population increments result until, at I.O7 per ml., the popula- 
tion produced has reached approximately 200,000 ciliates per ml. This 
figure represents the maximum under these conditions and the addition 
of up to IO.O7 pei* nil. of folic acid causes no significant increase. 
Calculated on the basis of potency 40,000 (7, 8, 9) it is seen that the 
amount of folic acid required for 1/2 maximum growth of T. geleii W 
is 0.0027 per ml. 

The amount of folic acid necessary for optimum growth is much 
greater than previously supposed. In earlier investigations on Tetror 
hymena (2, 3, 5) only O.OOI7 per ml, of folic acid concentrate was added 
to the base medium. The ‘‘unknown growth factor** preparations 
(Factors I, II and III) contained adequate amounts of folic acid, how- 
ever. When purines and pyrimidines were substituted for Factors I 
and III, and the Factor II was supplied as the Norit treated lead ace- 
tate filtrate of Liver Fraction L, the amount of folic acid concentrate 

® The folic acid used was in the form of a concentrate with a potency of 6000 
furnished through the courtesy of Dr. R. J. Williams. 
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added to the base media was arbitrarily increased to O.I 7 per ml. (1). 
It now is apparent that even this increase was insufficient for maximum 
growth. It also explains the difference in population yield between 
media containing hydrolyzed nucleic acid and mixtures of purines and 
pyrimidines, for the nucleic acid, as noted earlier ( 1 ), contains folic 
acid. 

Inasmuch as Tetrahymena is distinctly animal-like in its amino acid 
requirements (2, 4) it appears that the data presented here are of 



Fig. 1 

Dosage-response Curve Showing the Population of T. geleii W in Relation to the 
Concentration of Folic Acid Concentrate (potency 5000) 

Each point represents an average of four sepamte experiments. The populations arc 
from the third serial transplant incubated 72 hours 

somewhat more importance than merely to show that still another 
organism requires folic acid. They indicate the relatively high require- 
ment of at least one animal and may prove useful in future investiga- 
tions with other species. Tetrahymena should be a valuable organism 
in testily the similarities and differences in physiological function be- 
tween folic acid and other closely related substances (Vitamin Be, 
etc.). 
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Summary 

The ciliate Tetrahymena geleii W requires folic acid in relatively high 
concentrations. This growth factor allows population increases in 
direct proportion to the amount added through the effective range. 
This is the first animal grown under aseptic conditions for which 
quantitative data are available for this growth factor. 
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Reagents for the Detection of Hydrogen Peroxide Pro- 
duction by Bacteria in Plate Cultures (with Notes 
for the Preparation of 2,7-Dianiino- 
fluorene Dihydrochloride) ^ 

L. S. McClting, John H. Billxnan and Wm. Bradley Reid, Jr. 

From Tlie Bacteriological and Chemical LahoraiorieSj 
Indiana University, Bloomington, Indiana 

Received September 24, 1945 
Introduction 

Ponfold (14), noting the black pigment produced by pneumococci 
and streptococci on unheated blood agar containing benzidine, sug- 
gested the differential value of such a medium. The pigment was 
believed to be an oxidation product and benzidine was superior for the 
reaction to p-phcnylenodiamine, jS-naphthylamine, pentamethylene- 
diaminc hydrochloride or tyrosin. 

Additional evidence appeared correlating the blackening of blood-bon 2 idino media 
with hydrogen peroxide production (8, 9, 10). New interest in the test followed the 
report (6) that the reaction was produced by Clostridium novyi (C. oedematiens), an 
important agent of gas gangrene. Of the anaerobic organisms, only this type, C. 
botulinum and certain streptococci showed similar reactions. All st^ns of C. novyi 
investigated gave the (iharactenstic blackening and the U^t was suggested as an 
identification rea<‘tion for this species in the study of the anaerobic flora of war 
wounds, llayward (5) indicated that the blackening of heated blood might be duo 
to proteolytic action and pointed out that darkening of benzidine agar should be 
used as an indicator of hydrogen peroxide only if unheated blood is used. Evidence 
was also presented tliat the reaction was not specific for C. novyi since some strains 
of this Bpf^cies failed to produce peroxide in quantities sufficient to give a recognizable 
reaction, and, further, C. muUifennentana, C. cocMearium and C. botulinum were 
positive. The value of this reaction as a specific aid for the identification of C, novyi 
may be diminished in view of the above and it may also be supplanted by another 
test proposed by Nagler (13), which does not depend upon peroxide production. 
We had investigated, prior to the appearance of Nagler's article, other reagents for 

^ The authors wish to acknowledge the technical assistance of Ruth Toabe and 
Andrew Albright, PhM 1/C, USN. 
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the blackening reaction. Our interest m these compounds stemmed from the possi- 
bility that another substance might be discovered which would be more sensitive 
than benzidine when used with unheated blood (rabbit) agar. Since the results may 
be of some interest in the general reaction, they arc summarized below. 

Experimental 

Reagents 

The following compounds were tested; (1) 2,4-diaminophenol dihydrochloride, 
(2) o-phenylenediamine dihydrochloride, (3) a-naphthylamine hydrochloride, (4) 
i3-naphthylamine hydrochloride, (5) phenylhydrazine, (6) p-aminobenzophenone, 
(7) 4,4'-^aminodiphenylmethane dihydrochloride, (8) 4,4'-diaminodiphenylether 
dihydrochloride, (9) diphenylamine, (10) 5-chloro-2-aminotoluene hydi'ochloride, 
(11) diethylamine hydrochloride, (12) p-aminodiethylaniline monohydrochloride, 
(13) o-aminodiphenyl hydrochloride, (14) hydroquinone, (15) dimethyldihydro- 
resorcinol, (16) l,8-diaminonaphthalene-3,6-disulfonic acid, (17) methylamine 
hydrochloride, (18) di-M-butylailine hydrochloride, (19) di-n-butylamine hydro- 
bromide, (20) ethyl 2 >-aminobenzoate hydrochloride, (21) 2,7-diaminofluorene di- 
hydrochloride, (22) benzidine dihydrochloride. 

The benzidine dihydrochloride used was c.p. grade (Coleman and Bell Co.) and 
all other compounds, except the 2,7-diaminofluorene dihydrochloride, were prepared 
by commonly available methods. The 2,7-diaminofluorene dihydrochloride has been 
prepared previously by the reduction of 2,7-dinitrofluorene with tin and hydrochloric 
add (11, 12, 16, 17), by the use of ammonium polysulfide (1) or sodium hydrosulfite 
(11), and by the action of tin and hydrochloric acid on 2-amino-7-nitrofluorene (2). 
In most instances, these methods give a poor yield. We have found that 2,7-dinitro- 
fluorene may be reduced to 2,7-diaminofluorene dihydrochloride in a 96% yield by 
catalytic reduction in the presence of hydrogen, absolute alcohol, and platinum oxide, 
followed by treatment with dry hydrogen chloride. 

2j7~Dinitrofluorene. This compound was prepared by nitration of fluorene with 
fuming nitric acid and glacial acetic by the method of Morgan and Thomason (11) 
(m.p. 269°C. with decomposition). 

2j7-Diammofiuorene dihydroMoride, Suspend 6.12 g, (0.02 mole) of 2,7-dinitro- 
fluorene in 200 ml. of absolute alcohol in the reduction bottle of a low pressure 
catalytic hydrogenation apparatus, and add 0.1 g. of platinum oxide catalyst. 
Evacuate apparatus, then fill with hydrogen and heat the mixture to 60®G. in the 
reduction bottle which has previously been wound with resistance wire and taped to 
prevent slippage of the coil. The coil is calibrated with water in the bottle, using a 
Variac transformer. Simultaneously with the heating, shake mixture with hydrogen, 
at an initial pressure of 45 pounds per square inch, until twelve hundredths of a mole 
are absorbed (approximately forty-five minutes). Leave bottle in the apparatus and 
cool to room temperature. Add 15 ml. of petroleum ether (30-60®) and filter the 
solution into a wide mouth 500 mL Erlenmeyer flask, which contains 25 ml. of just 
bcnling petroleum ether (30-60®). If the 2,7-diaminofluorene crystallizes on the filter 
paper, wash throu^ with 10 mL of aJosolute alcohol followed by 10 ml. of petroleum 
ether (30-60®). Immediately saturate the filtrate, which is reddish-yellow in color. 



HYDROGEN PEROXIDE PRODUCTION BY BACTERIA 


59 


with dry hydrogen chloride gas until precipitation of the diamine is complete. Filter 
the 2,7-diaminofluorcne dihydrochloride rapidly, washing with two 25 ml. portions 
of 30-60® petroleum ether, and dry as quickly as possible, as the diamine or its salts 
darken quickly if wet. The yield is 4.69 g. (85.8% of theoretical) of cream colored 
powder. If the filtrate is evaporated %n vacuo to a volume of 60 ml. and 60 ml. of 
peroxide free, dry ether is added, an additional 0.55 gm. of the product may be 

TABLE I 


Color Changes Produced on Mixing Solutions of Various Compounds 
with Hydrogen Peroxide and Horse Radish * 



Compound 

Reaction 

Number 

Name 

Hoise radish plus H 2 O! 

1 

2,4-Diaminophcnol dihydrochloride 

blacki&h purple -► 
dark maroon purple 

2 

o-Phonylonediamino dihydrochloridc 

xanthine orange 

3 

a-Naphthylamine hydrochloride 

deep soft blue violet 

4 

/S-Naphthylaminc hydrochloride 

mauve 

5 

Phenylhydrazine hydrochloride 

negative 

6 

p-Aminobenzophenone 

negative 

7 

4,4'-Diaminodiphenylmethane dihydrocliloride 

salmon 

8 

4,4'-Diaminodiphenylether dihydrochloride 

flesh 

9 

Diphcnylamine 

light mauve 

10 

5-Chloro-2-aminotoluene hydrochloride 

dark anthracene violet 

11 

Diethylamine hydrochloride 

negative 

12 

p-Aminodiethylaniline monohydrochloride 

dahlia carmine 

13 

o-Aminodiphcnyl hydrochloride 

grayish blue violet 

14 

Hydroquinone 

buff yellow 

15 

Dimothyldihydroresorcinol 

negative 

16 

1 ,8-Diaminonaphthalene-3,6-disuitonic acid 

pale green 

17 

Methylamine hydrochloride 

negative 

18 

r?-Dibutylaniline hydrochloride 

sulphate green 

19 

Di-r^-butylaminc hydrobromide 

negative 

20 

Ethyl p-aminobenzoate hydrochloride 

negative 

21 

2,7- Diaminofluorono dihydrochloridc 

indulin blue 

22 

Benzidine dihydrochloridc 

dusky blue violet 


* Fleshly cut, unheated cabbage tissue gave similar color changes. Heating the 
tissue (lioiling water for 10 minutes) destroyed the activity. All color changes arc 
iccorded according to the system of Bidgway (15). 

** Concentration: 0.6%. 

obtained. The total yield is 96% of the theoretical amount. As a sample of the 
diamino dihydrochloride darkened slightly over a period of six months when stored 
at room temperature in a colorless glass bottle, it is best to keep the compound in a 
well stoppered brown bottle. 

The color changes, mcorded according to Eidgway^s system (15), evidenced on 
mixing a water solution (suspension) of the various compounds with a solution of 
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hydrogen peroxide and peroxidase from cabbage and hoise radish are shown in 
Table I. No color change appeai'ed unless hydiogen peroxide was added. 

Cultures and Culture Methods 

The bacteiia tested included: thi-ee stiains of 0. novyi (C. oedemaltens) * (Nos. 19, 
112, 122), one strain each of C. parahotulinum^ (No. 492), and Streptococcus lique- 
fad&ns, two strains of Diplococcus pneuinoniae^ and foui other unidentified strepto- 
cocci. These wore streaked on plates (clay top dishes) of the following medium: 
Bactopoptone, 10 g.; glucose, 2 g.; NaCl, 1 g., liver extract, 100 ml ; distilled water, 
900 ml.; and agar, ^ g.; pH 7.2. Defibrinated rabbit blood (unheated) was added 
to the sterile base medium, after coohng to 40®C., in the proportions of 1 ml. ot blood 
to 9 ml. of medium. The pneumococci were also grown on a specially piepared beef 
heart base medium with blood (pH 7.6) as growth on the above medium was scanty 
and the reactions indefinite. 

The compounds tested in this series were prepared in 0.15% and 
0.5% concentrations by adding the desired amount, weighed on an 
analytical balance, to a measured volume of sterile tap water. The 
reagents were not heat sterilized or filtered. One ml. of the desired 
concentration was added to 9 ml. of the blood medium. All plates 
were incubated at 37®C. and observations were recorded of the aerobic 
series at 24, 48 and 72 hours. The elostridia were incubated in the 
vegetable tissue jar (7) and observed only at the end of 48 hours. 
The p-aminodiethylaniline dihydrochloride (No. 12) caused consider- 
able darkening of the uninoculated medium. 

Results 

Of all the compounds tested only benzidine and 2,7-diaminofluorene 
dihydrochloride were suitable. With each of these reagents, positive' 
cultures (C. rhovyi^ Diplococcus pneumoniae, and two of the unidentified 
streptococci) developed a pigment (blue-black) which was easily 
recognizable by reflected light and was especially characteristic witli 
transmitted light. Both of the concentrations gave clear results. In 
some instances, a similar reaction was also observed with the 0.5% 
concentration of p-aminodiethylaniline dihydrochloride but the general 
darkening of the medium which appeared oven in the uninoculatcd 
control plates interfered with easy recognition. 

* There is some confusion concerning the proper name for this species. For the 
purposes of this paper, C. Kwoyi and C, oede7natten8 may be considered to be syn- 
onymous. 

*This species is referred to as C. botulinum in the English literature (5, 6). 
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With the following reagents a dark brown pigmentation appeared 
with positive cultures which Avas more pronounced Avith transmitted 
light than Avith reflected light; a-naphthylamine hydrochloride (0.6 
and 0.15%), /3-naphthylamine hydrochloride (0.15%), 4,4'-diamino- 
diphenylmethane dihydrochloridc (0.15%), p-aminodiethylaniline 
monohydrochloride (0.15%), o-aminodiphenyl hydrochloride (0.15%), 
hydroquinone (0.15%), l,8-diaminonaphthalene-3,6-disulfonic acid 
(0.15%), di-rt-butylamine hydrobromide (0.6%). Dark colonies Avere 
produced Avith the foUoAring, but transmitted light Avas needed to 
distinguish positive from negative cultures: 2,4-diaminophenol di- 
hydrochloride (0.5%), o-phenylenediamine dihydrochloride (0.6 and 
0.15%), phenylhydrazine hydrochloride (0.16%), p-aminobenzophe- 
none (0.15%), diphenylamine (0.15%), 5-chloro-2-aminotoluene hydro- 
chloride (0.5 and 0.15%), diethylamine hydrochloride (0.15%), and 
methylaminc hydrochloride (0.15%). In none of these did a positive 
reaction appear as definite as Avith benzidine or 2,7-diaminofluorcnc 
dihydrochloride. The reactions of the remaining compounds, or con- 
centrations of others listed, were not suflSciently distinctive to be 
significant. 2,7-Diaminofluorcne dihydrochloride has been proposed 
previously for detection of blood peroxidase in the presence of peroxide 
(16) and of pei’oxidase produced by bacteria (3, 4). 

Summary 

Of 22 organic compounds tested for usefulness in the demonstration 
of hydrogen peroxide production by bacteria on unheated rabbit blood 
agar, only benzidine dihydrochloride and 2,7-diaminofluroene dihydro- 
chloride Avore satisfactory. With positive cultures, colonies appearing 
on streaked plalos developed a blue-black pigmentation which Avas 
easily recognized by either reflected or transmitted light. 
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Introduction 

It was shown by Wright (1) that certain strains of S. thermophilus 
fermented lactose and sucrose more rapidly than any other sugar. This 
was interpreted as evidence that these disaccharides were fermented 
directly, i.e., without preliminary hydrolysis. Further experiments 
showed that when the fermentation of disaccharides was inhibited by 
iodoacetate and fluoride, no reducing monosaccharides accumulated, 
which again seemed to indicate that hydrolysis of disaccharides did not 
occur in these organisms. Latei’ experiments, however, revealed that 
glucosides were not hydrolyzed in the presence of iodoacetate and it 
was concluded that the previous evidence was insufficient to preclude 
the hydrolysis of disacchaiides before fermentation. 

In the present study, a cell-free extract of S. thermophilus was pre- 
pared which fermented lactose and glucose, but not galactose, to lactic 
acid when adenosine triphosphate * was added. In addition, it was found 
that lactose was hydrolyzed repidly by this extract. 

Experimental 

CvUure of the organism. Tho organism was maintamed on skim milk. To obtain 
maximum yields of bacteria tho following procedure was used. A medium containing 
16 g. Difeo broth, 10 g. lactose and 0.5 g. peptonized milk per liter was inoculated 

'■ This strain of 8. thermophilvs was obtained through the courtesy of Dr. J. M. 
Sherman, Gomdl University. 

‘ This work was supported by a grant from the Rockefeller Foundation. 

’Present address: Eerckhoff Laboratories of the Biological Sciences, California 
Institute of Technology. 

’ Designated ATP in the rest of the paper. 
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and incubated at 48°C. until good growth was established. The medium was kcpl 
nearly neutral during the subsequent incubation by adding sterile sodium carbonate 
solution from a side arm of the incubation flask. After about fouiteon hours the 
bacteria were centrifuged and washed with 0.9% sodium chloride. Such cultures 
3 delded about 450 mg. dry bacteiia per liter of medium. 

Preparation of the exti ad. Washed fresh cultures were dried in vacuo over phosphorus 
pentoxide. The dried bacteria were ground with twice their weight of grade FPF 
carborundum powder in a cold mortar. Phosphate buffer, 0.02 M, pll 7.4 was added 
slowly during the grinding. After centrifugation, an opalescent solution was obtained. 
In the experiments cited, 1 ml. of extract represented 33 mg. of dry bacteria. 

The fermentation of sugars. Extracts prepared as described above 
could feiunent lactose and glucose only in the presence of ATP. The 
behavior of sugar-extract-ATP mixtures is shown in Pig. 1. All solutions 
were buffered to avoid initial pH changes. 

It may be seen that no fermentation occurred in flask 1 until ATP 
was tipped in. Incubation for two hours in the absence of ATP ap- 
parently inactivated no enzymes, since the first part of curv'e 3 is nearly 
identical with curve 1 after addition of ATP. Cuiwe 2 indicates acid 
production due to splitting of ATP by an adenyl pyrophosphatase 
present in the extracts. 

The table accompanying Fig. 1 shows the amount of lactic acid 
present at the end of .the experiment. Only in the flasks containing ATP 
and glucose or lactose Avas appreciable lactic acid produced. 

Under the conditions of this experiment one acid equivalent is 
liberated and measured as carbon dioxide when a phosphate group is 
transferred from ATP to sugar, a reaction which is not inhibited by 
fluoride or iodoacetate. The initial sharp rise in carbdh dioxide produc- 
tion in curves 3, 4, 6 and 7 is probably due to this reaction, while the 
flattening of curves 6 and 7 is due to the inhilntion of fermentation by 
iodoacetate and fluoride, respectively. It may be seen that the cuiwe for 
galactose (curve 5) is significantly lower than curves 6 and 7. This sugar 
apparently is neither phosphorylated nor fermented to any appreciable' 
extent by this extract. 

The fermentation of phosphorylated sugars. The results obtained are 
^ven in Table I. It is apparent that a-glucose-l-phosphate is fermented 
rapidly. Neither a-galactose-l-phosphate (2) nor /3-galactose-l-phos- 
phate (3) was fermented appreciably. Very little phosphatase active at 
pH 7.6 was present in the extracts, for phosphorus was not split from 
the above intermediates nor from jS-glycerophosphate. Lactose could 
not be fermented as no ATP was added. 
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The hydrolysis of lactose. The data in Table II indicate that a lactase 
is present in extmcts of dried S, thermophilus which hydrolyzes lactose 
rapidly. Whether this enz^mie plays an important role in the metab- 
olism of lactose by the live organism is a question to be settled by 
fui-ther investigation. Preliminary experiments indicated that at 42®C. 



TIME IN MINUTES 
Fig. 1 


Sidearm 1 Sidearm 2 Lactic 

Flask Sugar ATP Inhibitor ATP Acid in 7 

1 Lactose — -j- 74.9 

2 * — + - + 13.2 

3 Lactose 4- — + 99.0 

4 Glucose -f — — 79.0 

5 Galactose -j- — — 17,9 

6 Lactose -}- lodoacetate — 31.0 

7 Lactose -f NaF — 18.4 

Each Warburg vessel contained 0.5 ml. extract and 1.0 ml. 0.025 M bicarbonate 
buffer. Quantities and ooncentratious of other components were; 0.5 ml. 1 % sugar, 
0.1 ml. 3% Ba salt of ATP, 0.2 ml. 0.04 M iodoacetate, 0.2 ml. 0.5 M fluoride. The 
vessel contents were equilibrated with 5% 002 in nitrogen. The contents of sidearm 1 
were tipped in at 0 minutes, that of sidearm 2 at 120 minutes. 
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Tvashed cells of actively growing S. thermophilus cultures fermented 
lactose two to four times more rapidly than glucose, while galactose 
was not fermented. Experiments carried out at 30°C. gave different 


TABLE I 


The Fermentation of Phoaphorylated Sugars 


(Cu. mm. CO 2 evolved) 


Time h 


Flask 

10 

20 

1 

4 

4 

2 

38 

116 

3 

11 

23 

4 

8 

11 

5 

8 

11 

6 

16 

18 

7 

10 

11 


60 

120 

Lactic Acid 
my 

8 

13 

6.3 

293 

362 

275 

67 

105 

21.6 

32 

61 

16.3 

30 

57 


21 

25 

8.8 

19 

21 



Each flask contained 0.5 ml. bacterial extiact. After addition of substrate, the 
mixture was made up to a volume of 2.5 ml. with 0.025 AT sodium bicarbonate. 
Flask 1— control. Flask 2—0.5 ml. 2% a-glucose-l-phosphate. Flask 3 — 0.5 ml. 2% 
glucose-l-phosphate + 0.2 ml. 0.5 M NaF. Flask 4 — 1.0 ml. 2.5% oj-galactose-l- 
phosphate. Fl^k 5 — 1.0 ml. 2.5% jS-galactose-l-phosphate. Flask 6—0.6 ml, 2.3% 
sodium /S-glycerophosphate. Flask 7—0.6 ml. 1% lactose. 


TABLE II 

The Hydrolysis of Lactose hy Extract of S. thermophilus 


Tube 

Sugar 

Mg. sugar per ml. 
Before Alter 

incubation incubation 

1 

Lactose 

1.79 

1.82 

2 

Glucose 

1.79 

1.85 

3 

— 

0.08 

0.08 

4 

Lactose 

1.80 

>3.8 

5 

Lactose 

1.81 

>3.8 

6 

Glucose 

1.78 

1.84 

7 

Glucose 

1.77 

1.70 


Tubes 1 and 2 contained no extract. The others contained 0.5 ml. All tubes con- 
tained 0.2 ml. 0.5 M NaF. Tubes 4 and 6 contained no ATP. The others contained 
0.1 ml. 3% ATP. The volume of each tube was made up with 0.26 M bicarbonate 
buffer to 2.8 ml. The mixtures were made up in small tubes which were incubated 
at 30°C. for 30 minutes. One ml. aliquots weie deproteinized with sodium tungstate 
and reducing values determined with Shaffer-Hartmann Reagent No. 60. The 
reducing values for tubes 4 and 5 were those for an equal mixture of glucose and 
galactose. For Reagent 50 the reducing powers of glucose, galactose and lactose are 
in the rado 10 : 8 : 4. 
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results. After about thirty minutes the rate of fermentation of lactose 
tended to fall to, or below, that of glucose. An effect of temperature on 
the permeability of the cell membrane to various sugars has not been 
ruled out. It cannot be decided at present whether the live cells contain 
an enzyme system for direct fermentation of lactose which is not present 
in the extract. 
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Summart 

An extract has been made from dried preparations of S. thennophUus 
which fermented lactose and glucose, but not galactose, to lactic acid 
when ATP was added. Lactose and glucose were fermented at about the 
same rate. In the absence of ATP, a-glucose-l-phosphate was fermented 
rapidly, but no fermentation occurred with either a- or jS-galactose-l- 
phosphate. 

The presence of lactase in these extracts has been demonstrated, and 
it seems probable that hydrolysis of lactose precedes phosphorylation 
and fermentation of the glucose part of the molecule. 
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Introdu(tion 

During the last three decades great advances have been made in our 
knowledge concerning the anatomy, pliysiology and chemistry of the 
endocrine glands. However, little is known about the mechanisms by 
which hormones produce their profound elfecls. Simultaneously with 
the advances in endocrinology there have been important contributions 
to our knowledge of the relation of intracellular anaerobic and aerobic 
oxidizing enzymes to the j*elease and storage of energy for living proc- 
esses. The advances in this important field have been discussed in re- 
view papers (1, 2, 3), 

It is conceivable that hormones might influence intracellular metab- 
olism by affecting the quantity of enzyme synthesized and/or the 
activity of the enzymes of the kind, for example, which are known to 
be important in glycolysis and in the Krebs cycle. The reactions in- 
volved in this cycle result in the oxidation of pyruvic acid in a step-like 
manner to carbon dioxide and water with the release of energy. 

One of the important enzymes involved in this cycle is succinic de- 
hydrogenase which, in the presence of cytochrome c and cytochrome 
oxidase, catalyzes the dehydrogenation of succinic acid to fumaiic 
acid (4). As a part of a program developed to determine the relation of 
certain hormones to the succinic dehydrogenase activity of tissues, we 
have made a survey of the activity of this enz3mie in certain tissues, 
particularly those of the endocrine glands of albino rats. 

Experimental 

Enzyme. The ‘^homogenization” method of Potter and Elvehjem (5) 
for studying tissue oxidations was used in the preparation of the tissues 

* This work was supported in part by a grant from the 'Wisconsin Alumni Research 
Foundation. 
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which were obtained from rats of the Sprague-Dawley strain. The 
tissues w’ere dissected out and homogenized immediately, and sufficient 
water was added to make a 5% homogenate. 

The proper amounts of the homogenate were placed in Warburg 
flasks with the foi*tified substrate worked out by Potter (6, 7) and al- 
lowed to equilibrate in the bath at 38°C. for 10 minutes, after which 
readings were taken at 10 minute inteiwals. Approximately 20 minutes 
elapsed from the time the tissue was removed from the animal until 
the flasks were placed in the Warburg apparatus at 38®C. The oxygen 
uptake was obtained by taking readings at 10 minute inteiwals, usually 
for 60 minutes, although in most cases the first 4 periods were used in 
calculating the Qo^; i-e,, the oxygen uptake per mg. of dry tissue per 
hour. The dry weights given in Table II were obtained by drying the 
tissues at 76°C. for 24 hours. 

The fortified substrate solution consisted of 1 ml. of 0.1 M phosphate buffer ol 
pH 7.4, 0.3 ml. of 0.004 M CaCL 2 H 2 O, 0.3 ml. of 0.004 M AlCh, 0.3 ml. of 0.5 M 
sodium succinate of pH 7.4, and 0.2 ml. of 3 X 10“^ M cytochrome c. This concen- 
tration of cytochrome c was foimd in our experiments to be sufficient to take care 
of the dilution effect (7). Sufficient water was added to each of the flasks to make a 
total volume of 3 ml., and 0.1 ml. of 20% potassium hydroxide was used in the 
center cups. 

Cytochrome c. The cytochrome c was made from beef heart muscle according to 
the method of Keilin and Hartree (8) except that the final product was dialyzed 
against distilled water instead of 1% sodium chloride solution, as Potter (6) found 
that sodium chloride inhibits the succinoxidase system. The concentration of cyto 
chrome c was determined by use of the Evelyn photoelectric colorimeter (9), 

Suhsirate, A 0.5 M solution of Eastman sodium succinate was brought to pH 7.4 
before it was used. 


Results and Discussion 

As liver was used in developing the method we have employed for 
determining succinic dehydrogenase activity (6, 6, 7), we used this 
tissue in checking our technique. It was found that 0.15 ml. of 3 X 
lO-^ M cytochrome c per flask was sufficient to elicit the maximum 
activity of the succinic dehydrogenase. However, to assure a safe 
margin, 0.2 ml. of 3 X 10“^ M cyiiochrome c was used in most of the 
experiments with liver. This amount was also found to be sufficient for 
the endocrine tissues. The oxygen uptake was shown to be directly 
proportional to the amoimt of tissue or homogenate used for the first 
10 minute period, and also for the first four 10 minute periods (Table 
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TABLE I 


Oxygen Uptake as Related to QuatMy of Tissue 


Kind of iisbuu 

No. of XO inin. periods 

Amt. of tissue ml. 

5% homogenate 

Oxj'gen uptake — av. foi 
no. of 10 mm. periods 
indioated 




cu, mm. 



0.05 

13.4 

Liver 

4 

0.1 

24.3 



0.2 * 

50.0 



0.3 

74.1 



0.1 

3.5 

Pituitary 

4-0 

0.2 

6.8 



0.3 

10.5 



0.4 

14.6 



0.2 

6.9 

Thyroid 


0.3 

10.3 



0.4 

13.3 



0.5 

16.9 



0.1 

9.8 

Adrenal 

4 

0.2 

19.3 



0.3 

28.3 



0.4 

38.1 



0.2 

6.4 

Uterus 

0 

1 0.3 

9.3 



1 0.4 

12,9 



0.5 

15.9 



0.2 

6.2 

Thymus 

5 

0.3 

9.6 



0.4 

12.8 


* The fortified substrate used with the various tissue homogenates is given in the 
text. 


I). The experiments were made with at least two, and usually three, 
different amounts of homogenate so that each run could be checked as 
to whether the oxygen uptake was proportional to the amount of 
tissue reacting. 

The liver used in these preliminaxy experiments was obtained from 
adult rats which were at least four months old. The range of Qoj values 
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of six runs was from 62.4 for the 4 months old rats to 103.9 for the 
adult animals. The average Qoi value for the six runs was 87.5 (Table 
II) which agi’ees with the values obtained by Potter and Schneider (7) 
under similar conditions. The inhibition of this system by malonate 
was also tested. It was found (one run) that 0.06 ml. of 0.05 M malon- 
ate decreased the Qo* of 77.8 to 44.1. Thus the values obtained for 
normal liver tissue, and the fact that the activity was inhibited by 
malonate, indicate that the experimental technique was satisfactory. 

TABLE II 


Succinic Dehydrogenase Actimiy of Rat Endocrine Tiseuet 


Source 

of 

animals 

Age 

Kind of tissue 

Diy weight 
percentage of 
wet weight 

No. 

of 

e-vptb 

Qo. 


Adult 

Liver 

28.7 

6 

average range 
87.5(62.4-103.9) 

Sprague- 

26 days ^ 

Pituitary 

21.3 

8 

23.4(18.0-30.f0 

Dawley ^ 

26 dajTJ ^ 

Uterus 

17.8 

7 

18.3(14.1-22.0) 


4 mo. 

Adrenal 

30.0 

3 

40.0(37.7-44.4) 


2~6 mo. 

Thyroid 

16.9 

3 

25.9(23.5-36.3) 


2-6 mo. 

Thymus 

21.6 

4 

18.4(16.5-21.0) 


4-6 mo. 

Pancreas 

27.9 

4 

9.6(0.0-17.6) 


1.6-4 mo. 

Testes 

12.7 

2 

23.0(20.3-25.8) 


4 mo. or 

Seminal 

23.6 

1 

4.1 

1 

older 

4 mo. or 

vesicle 

Prostate 

25.9 

2 

7.2(6.6-8.8) 


older 






^ Rats of the same strain from the Zoology and Genetics cobnies were also used. 
* Ussues obtained from assay rats that had received gonadotropin. 


The source and age of the rats from which the various endocrine 
tissues were obtained are given in Table II together with the succinic 
dehydrogenase content of each of the tissues expressed in terms of 
Qoj. Most of these values are based on the first four 10 minute periods, 
although in some cases the values are based on the first 2, 3, 4 or 6 
periods. The reason for this is that, with certain of the endocrine 
tissues, the oxygen uptake remained almost constant for as long as 60 
minutes. Thus the Qo, values were computed for the time (number of 
10 minute periods) that the uptake remained constant. 

The values pven in Table I show that for liver, thymus, pituitary, 
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uterUvS, thyroid and adrenal tissues the cu. mm. of oxygen taken up per 
10 minutes was directly proportional to the amount of tissue expressed 
in ml. of homogenate. As only a few determinations were made with 
testes, prostate, seminal vesicle ami pancreas this relationship was not 
determined. 

The Q 02 values given in Table II show that liver has a much higher 
succinic dehydrogenase activity than the endocrine tissues. In general, 
tissues such as pituitary, uterus, thj^'mus and testes have Qos values 
close to 20 as compared with 87.5 for liver. The activity of pituitary 
tissue was inhibited by malonatc. The Qoj was reduced from 23.4 to 
16.3 and 12.4 by 0.02 ml. and 0.04 ml. of 0.05 M malonate, respectively. 

Thyroid tissue from male rats 2 to 5 months old had a Qo^ of 25.9. 
On the other hand a Qo* of 40 was found for adrenal tissue of 4 months^ 
old male rats which was the highest value obtained for any of the 
endocrine tissues. It is ai)proximately double the value for pituitary 
tissue, and is similar to that of the lutein tissue of pregnant rats (10). 
It is of interest to point out that the high succinic dehydrogenase 
activity of these two endocrine tissues can be correlated with the 
steroidal nature of the hormones they secrete, and the similarity of 
their histology. 

The value of 23 for testes is quite similar to that for the pituitary, 
but it was found that seminal vesicle tissue excliuiing the fluid had very 
little actmty, and the value for prostate was 7.2. The extremely low 
succinic dehydrogenase activity of seminal vesicle tissue may indicate 
that this enzyme is not important in the production of its secretion. 
The Qos values for ])ancreas were variable as indicated by the wide 
range, and the average value was low, which confirms the finding of 
Elliott (11) and All)aum and Potter (12), who showed that the low 
activity can i7j’obal)ly be explained by the action of proteolytic enzymes 
and ribonuclease. However, in the case of seminal vesicle and prostate 
gland it s<H»ms prol)abIe that the low succinic dehydrogenase activity 
is not due to inhil>ition or inactivation by proteol>i;ic enzymes, but to 
the small amounts of the enzyme in those tissues. 

As has been indicaied in our experiments there are differences in the 
succinic dehydrogenase tictivity of certain of the endocrine tissues. 
There are also differences in acthdty of the same tissue obtained from 
animals under different physiological conditions, as has been found for 
ovarian tissue from pregnant and nonpregnant animals (10). Differ- 
ences of this kind suggest that the investigation of the effect of specific 
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honnoaes on the actmty of inti’acellular enzymes could be of value in 
elucidating the way in which hormones produce their effects. 

In ftYamining the enzyme content of an organ, one must bear in 
mind the kinds of tissue composing the organ, since there is strong 
evidence that the oxidizing enzymes are concentrated in the secretory 
epithelium, while the stroma appears to contain almost none of these 
enzymes (13), and we have shown (10) that the succinic dehydrogenase 
content of lutein tissue differed markedly from the remainder of the 
ovarian tissue. However, the demonstration that various endocrine 
glands contain appreciable quantities of succinic dehydrogenase sug- 
gests that these organs probably obtain their energy by enzymatic 
mechanisms analogous to those in tissues which have received more 
detailed study. 


Summary 

The succinic dehydrogenase activity of certain endocrine tissues, 
the uterus, seminal vesicle and prostate of the rat was determined 
and compared with that of rat hver. It was found that the adrenal 
gland has an activity of approximately half that of liver and approxi- 
mately twice that of pituitary, uterus, thyroid, thymus and testes. 
Pancreas, prostate and seminal vesicle tissues had little activity, the 
activity of the tissue of the seminal vesicle being least of all. 
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Thennal Destruction of Influenza A Virus Hemagglutinin, 
n. The Effect of pH ^ 

Max A. Lauffer and £. M. Scott 

Frm the Depailments of Physics and Chemistry, University of Pittsburgh, P'tttsburgh, Pa, 
Rccoivcd Ootobor 8, 15)46 

Introduction 

According to Stcinhardt ( 1) the rate of inactivation of pepsin is pro- 
j)ortional io the reciprocal of the fifth power of hydrogen ion activity. 
Stanley (2) and Host and Samuel (3) reported that tobacco mosaic virus 
infectivity was stable between pH 2 and pH 9. In following the disin- 
tegration of tobacco mosaic vini.s by means of the ultracentrifuge, 
Eriksson-tiuensel and Svedberg (4) and Wyckoff (5) found a stability 
range which coincided with that of the infectivity. Lauffer and Price 
(6) showed that the thermal deatraction or disintegration of tobacco 
mosaic virus protein proceeded more mpidly at pH 7 than at pH 5.8, 
and, later, Lauffer (7) reportc<l that the rate of disintegration of tobacco 
mosaic virus protein in 6 M urea solutions vaiies with about the three- 
halves power of the reciprocal of the hydrogen ion concentration in the 
pH range from 0 to 8. More recently. Price (8) lias described the pH 
stability range of southern bean mosaic virus as lining between pH 6 
and pH 8. 

The stabilities of the hemagglutinin and infectivity of influenza A, 
influenza Ji and swine influenza vinis<'s were studied by Miller (9). 
His results showed that the pH of maximum stability was between 7 
and 8 for the hemagglutinin and infectivity of influenza A and swine 
influenza viruses but was considerably liigher for the activities of 
influenza H virus. In general, at high pH values, the rate of loss in 
infectivity was greater than the rate of loss in agglutinin. 

‘ Thu work dcaoribod in this paper was done under a contract, recommended by the 
Cominiltoe on Medical Rcocarch, between the Office of Scientific Research and 
Devedopment and the University of Pittsburgh. It was also supported in part by a 
grant from the Bull! Foundation at the University of Pittsburgh. 
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It is the purpose of this paper to present results of a stud}^ of the 
destruction of hemagglutinin of the PR-8 strain of influenza A virus 
at high temperatures in various types of buff el's at different pH values. 

^Materials and Methods 

The PKr8 influenza A virus preparations, the source of chicken red blood cells, the 
method of heating the virus, and the method of measuring agglutinin activity were 
described by Lauffer and Camelly (10). 

Bugera: Six potassium phosphate, four ammonia-ammonium chloride, and three 
sodium acetate-acetic acid buffers, all of ionic strength of 2.0, covering the pH range 
from 3.7 to 9.6, were prepared. The pH values of the buffers were verified with a 
Bailey type hydrogen electrode. 

Equilibration of virus mih buffers: The virus preparations were originally contained 
in a crude 0.1 M phosphate buffer at about pH 7. To bring the virus into equilibrium 
wdth each of the buffers discussed above, 5 cc. of virus suspension was placed in a 
cellophane casing and dialyzed for at least 24 hours against a solution consisting of 
20 cc. of one of the strong buffci*a discussed above diluted to 200 cc. with water. 

Discussion of Experimental Results 

Inactivation experiments were carried out on the virus preparations 
at several different temperatures for each of the buffers. The reaction 
velocity constant was then calculated for each in the manner described 
by Lauffer and Camelly (10). This method consists of plotting the 
reciprocal of the square root of residual activity against time. Twice the 
slope of the best fitting straight line is taken to be the reaction velocity 
constant. This procedure provided good characterizations of all the 
data except those obtained at high pH values, and even there it gave 
usable approximations. 

The experimental results are shown gra])hi(*ally in Fig. 1, where logio 
of the specific reaction rate is iJotted against the reciprocal of the 
absolute temperature, in the manner indic^ated by the Arrhenius equa- 
tion, for about half of the buffer-virus systems studied. The remainder 
of the data were comparable but were excluded in order to avoid con- 
fusion in the figure. The data for each case can be fitted reasonably well 
to a straight line. They are not sufficiently accurate however to permit a 
decision as to whether or not the slopes of these lines vary with pH. 
On the assumption that the slope is constant, the energy of activation 
was calculated, according to the Arrhenius equation, to be about 1 10,000 
calories per mole per degree. 

The variation of the reaction rate for the destruction of hemagglu- 
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tinin with pH at constant temperature was determined by finding the 
intercept of each graph on Pig. 1 with the vertical line corresponding to 
a temperature of 55®C . This gave values of logic of the specific reaction 
velocity at 55®C\ In Fig. 2, these values are plotted against pH. 

It can be seen that there are three vertical scales on Fig. 2. The 
center scale applies to the data obtained with virus preparation No. 1 



The Logaiithm of the Specific JEleaclion Velocity for the Destruction of the Hemag- 
glutinin of the PR-8 Strain of Influenza A Virus plotted Against the Reciprocal of 
the Absolute Temperature. 

w— virus preparation No. 1 in phosphate buffer at pH 7.86, o—same at pH 7.69, 
0 — same at pTI 7.16, CD - same at pll 6.47, 3 — virus preparation No. 2 in ammonia 
buffer at pi 1 9.55, • -same in phosphate buffer a1 pH 6.47, ©—same in acetate buffer 
at pH 6.76. 

in phosphate buffers, and the right scale applies to those obtained with 
virus preparation No. 2 in phosphate buffers and in an acetate buffer. 
The vertical displacement of the right scale with respect to the center 
one is a measure of the difference in reactivity of the two virus prepara- 
tions. This could be due at least in part to differences in concentration 
( 10 ). 

The left scale applies to the data obtained with virus preparation 
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No. 2 in ammonia buffers. The vertical displacement of the right scale 
with respect to the left represents a specific difference between the 
effects upon rates of ammonia and phosphate buffers at the same pH. 
The data indicate that there is no such difference between phosphate 
and acetate buffers. In the acetate buffers of pH below 4.5, the rate of 
destruction of hemagglutinin was so rapid that the activities of the 
control solutions, held at room temperature, were destroyed. 



Fig. 2 

The Logarithm of the Specific Reaction Velocity at 55°C. for the Destruction 
of the Hemagglutimn of the PR-8 Strain of Influenza A Virus Plotted as a Function 
of pH. 

O — ^virus preparation No. 2 in ammonia buffers (left vertical scale), • — virus 
preparation No. 1 in phosphate buffers (central vertical scale), e— virus preparation 
No. 2 in acetate buffer (right vertical scale), ®— vims preparation No. 2 in phosphate 
buffers (right vertical scale). 

The data of Fig. 2 show that the rate of thermal destruction of the 
hemagglutinin of PR-S influenza A virus at 55®C. has a minimum at 
pH 8.4. This means that the agglutinin is most stable at 55®C. at pH 
8.4. Miller (9) found that the agglutinin of PR-8 influenza A was most 
stable at 4®C. in the pH range of 7 to 8. At pH 8.6 the agglutinin was 
still moderately stable, and in one experiment the agglutinin was no 
more stable at pH 7 than at pH 8.6. We feel, therefore, that Miller's 
data are not m disagreement with our finding. This leads to the con- 
clusion that the pH value of maximum stability of the agglutinin does 
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not change appreciably over a temperature range of 60®C. This is as it 
should be if the data are in agreement with the Arrhenius equation and 
if the energy of activation does not vary with pH. 

It is a little difficult to compare the present data with those obtained 
for the activities of other viruses. The activity data of Stanley (2) and 
of Best and Samuel (3) and the ultracentrifugation data of Eriksson- 
Quensel and Svedberg (4) and of Wyckoff (5) show that tobacco mosaic 
virus is fairly stable at low temperatures over the pH range 2-9. The 
results of Lauffer and Price (6) lead to the conclusion that the pH of 
minimum rate of disintegration of tobacco mosaic virus protein is at 5.8 
or below. Similarly, in the presence of 6 urea the maximum stability 
of tobacco mosaic viius protein must be below pH 6 (7). 

Steinhardt (1) interpreted his finding that the rate of inactivation of 
pepsin is directly proportional to the reciprocal of the fifth power of 
hydrogen ion activity to mean that the pepsin molecule must dissociate 
five hydrogen ions in the process of changing from the normal state to 
the activated state. If this type of reasoning is carried over to the pres- 
ent case, it is necessary to conclude that the hemagglutinin in PR-S 
influenza A virus can proceed to the activated state by two processes, 
one involving the combination with hydrogen ions and the other in- 
volving the dissociation of hydrogen ions. At pH values below 8.4, the 
former predominates, and at values above 8.4, the latter predominates. 
It is interesting to obseive that the isoelectric point of this strain of 
influenza viius was found to be 5.3, well below 8.4 (11). 

On the basis of theoretical considerations, the effect of pH upon the 
specific reaction rate of hemagglutinin destiuction could be due to an 
influence upon the energy of activation or upon the entropy of activa- 
tion. It is possible to calculate by substitutions in the Arrhenius equa- 
tion that a difference in energy of activation of only 4000 calories per 
mole per degree could account for the difference between the specific 
reaction velocity for the destruction of hemagglutinin at pH 6 and 
pH 8. This magnitude is only about 4% of the average energy of 
activation for that process. Clearly, the data of Fig. 1 are too inac- 
curate to enable one to decide whether or not the energies of activation 
at the extreme pH values differ by as little as 4%. Therefore, it is 
impossible to decide on the basis of these data whether the effect of pH 
upon the velocity of this reaction is due to an effect upon the energy of 
activation or upon the entropy of activation. 
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Summary 

The rate of inactivation of hemagglutinin of the PR-8 strain of the 
influenza A vu-us was studied at various temperatures and in buffers of 
various pH values. For each pH value, the logarithm of the reaction 
rate was plotted as a function of the reciprocal of the absolute tempera- 
ture according to the Arrhenius equation. The energy of activation for 
this destniction process was found to be about 110,000 calories per mole 
per degree for all pH values. From the graphs obtained in the manner 
just described, the variation of specific reaction rate with pH at 
was determined. The rate was found to have a minimum at pH 8.4. It 
was not possible to decide whether the effect of pH upon the rate of the 
reaction is due to an effect upon the entropy of activation or upon the 
energy of activation. 
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Dispensability of Dieta^ Niacin for Reproduction 
and Lactation ia the Rat 

Benjaaun H. Ershofi 
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Eeceived October 15, 1945 

Introduction 

A number of investigators have reported that i-ats will grow in the 
absence of dietary niacin (1—4). Under such conditions the intestinal 
flora or the animal’s own tissues presumably synthesize sufficient quan- 
tities of this nutrient to meet requirements for growth. In the present 
experiment male and female rats ivere i-aised to maturity on synthetic 
rations deficient in niacin, and the adequacy of such diets for repro- 
duction and lactation determined. 

Two basal rations ivere employed in the present experiment, differ- 
ing only in their content of synthetic vitamins (Table I). Male and 
female rats were placed at Aveaning (21 to 23 days of age) on the above 
rations. Animals ivere kept in metal cages with screen bottoms to 
prevent access to feces, and sufficient food was administered to assure 
ad lib. feeding. Both males and females were bred at approximately 
eighty days of age. Females were placed with males of proven fertility, 
and pregnancy dated from the finding of sperm in the vagmal tract. 
Males, in tuni, were bred to femaleB maintained on a natural food 
ration adequate for growth, reproduction and lactation. Two strains 
of rats were employed in the present experiment, hooded rats of the 
Long-Evans st.rain and albino animals of the U.S.C. strain.* 

Growth 

Both male and female rats on the above rations made consistent 
gains in body weight. After sixty days of feeding, males averaged 

1 From the animal colony, Department of Biochemistry and Nutrition, Univermty 
of Southern OaUfortiia, Ijos Angeles, California. ICndly provided by Dr. H. J, 
Deuel, Jr. 
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239 db 4 g. and females 178 zb 5 g. on the above rations. No significant 
difference in growth or gross appearance was observed between female 
rats of the Long-Evans and U.S.C. strains on any of the diets employed. 

Reproduction 

Five of the male rats on diet A and four of those on diet B were 
bred to females on a natural food ration who subsequently gave birth 


TABLE I 

Cornposiiton of Experimental Diets and Distribution of Rats 


Dietary Component 

Diet A 

Diet B 

Vitamin Test Casein ^ 

22.0 

22.0 

Salt Mixture * 

4.5 

4.5 

Sucrose 

73.5 

73.5 

Vitamin supplements added to diets 

mg. per vent 

mg. per cetU 

Thiamine hydrochloride 

0.2 

20.0 

Riboflavin 

0.4 

40.0 

Pyridoxine hydrochloride 

0.2 

2.0 

Calcium pantothenate 

3.0 

20.0 

Choline chloride 

120.0 

120.0 

2-Methyl-naphthaquinone 

0.2 

0.5 

Distribution of rats 

Female rats (Long-Evans strain) 

9 

9 

Female rats (U.S.C. strain) 

12 

10 

Male rats (U.S.C. strain) 

6 

6 


Each rat on diets A and B also received the following daily supplement: corn oil 
(Mazola) 500 mg., a-tocopherol 0.5 mg., and a vitamin A-D concentrate ® contain- 
ing 50 U.S.P. units of vitamin A and 5 U.S.P. units of vitamin D. 

1 General Biochemicals, Inc., Chagrin Falls, Ohio. 

®Salt Mixture No. 1, Sure, B., J. Nutrition 22, 499 (1941). 

® Nopco Fish Oil Concentrate, assaying 800,000 U.S.1\ units vitaiuin A and 80,000 
U.S.P. units vitamin D per gram. 

to apparently normal young. Of the females, fifteen were bred on 
diet A (7 Long-Evans and 8 U.S.C.) and fourteen on diet B (6 Long- 
Evans and 8 U.S.C.). Twenty-seven of the twenty-nine females bred 
cast litters; in twenty-four of the litters all young were born alive 
(average 9.4 per litter). The young were grossly normal mth the 
exception of occasional subepidermal hemorrhagic areas on the tip of 
the tail and the hind paws (particularly on diet A) ; average weight of 
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young at birth was 5.6 g. No significant difference was observed in 
the reproductive performance of Long-Evans and U.S.C. rats on the 
above rations, although a gi*eatcr incidence* of hemorrhagic areas was 
observed in the young of Long-Evans mothers. 

Lactation 

A strain difference was observed in lactation performance between 
rats of the Long-Evans and U.S.C. strain. Mothers of the Long- 
Evans strain uniformly failed to nurse them young. Of fifteen litters 
bom to rats of the U.S.C. strain, however, nine were nursed to wean- 
ing. Litters were reduced to six each on the day of littering and thirty- 
nine of fifty-four young were successfully weaned. Young were weaned 
at twenty-one days of age at an average weight of 31.9 g. 

Discussion 

This is the fii*st report to our knowledge concerning the adequacy 
of niacin-free diets for reproduction in the rat. Results indicate that 
dietary sources of niacin are dispensable for reproduction in this species, 
requirements for this factor presumably being met through the syn- 
thetic activity of the intestinal flora or the animal's own tissues. 
A strain difference was observed however as to the adequacy of niacin- 
free diets for lactation. Whereas nine of fifteen litters born to mothers 
of the U.S.C. strain on the above rations were nursed to weaning, 
mothers of the Long-Evans strain uniformly failed to nurse their 
young. Failure of lactation in the Long-Evans rat does not necessarily 
indicate a strain diffcronc'e in niacin requirements for lactation. Under 
the conditions of the present experiment the intestinal flora or the 
animal's own tissues synthosizexl, in addition to niacin, significant quan- 
tities of inositol, p-aminobenzoic acid, biotin, folic acid and presumably 
other as yet unidentified nutrients. Strain differences in the synthesis 
or requirements of the above factors under the conditions of the pres- 
ent experiment may account for the diverse results. 

Summary 

Normal reproductive performance was observed in male and female 
rats liaised to maturity on niacin-free diets. A strain difference was 
observed however in lactation performance; mothers of the U.S.C. 
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strain successfully nursed their young to weaning, while those of the 
Long-Evans strain failed to suckle their young. 
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Introduction 

A confusion exists regarding the orcinol reagent for qualitative 
identification of sugars which has resulted in a justifiable reluctance 
on the part of a number of investigators to employ the reagent as a 
group test for pentoses, uronic acids, pentosans and pol 5 aironides. 

This well-known reagent, developed by Bial (1), was incorporated 
into a coherent scheme of identification by the author (2). After 
several years of use in the student laboratory, during which hundreds 
of * ‘unknown sugare^’ were successfully identified, we ran into diffi - 
culty with the orcinol reagent w^hich may account for the discrepancies 
of others. Part, of the diificulty was traced back to the hydrochloric 
acid employed. In the process of elimination, other obstacles were also 
discovered. This note is offered to provide directions for consistent 
results. 


PllOOEDURK 

Orcinol is dissolved in water in the proportions of 1.0 g. per 100 ml., and kept as 
a stock solution. Just l>efore use 100 ml. of this solution is mixed with 400 ml. of 
purest grade concentrated hydrochloric acid and 10 ml. of a 10.0% solution of ferric 
chloride arc added. The solution gives a positive test with all pentoses, pentosans, 
uronic acids and polyuronides. 

Two mg. of the sugar are dissolved in 3 ml. of the reagent and heated in a boiling 
water bath for 3 minutes. After cooling, 8-10 ml. of 7i-butyl ^cohol are added. For 
visual work it is sufficient to observe the blue to blue-green pigment which is the 
only acceptable criterion for a positive test. For spectrophotometric comparisons 
the dilution is continued to 100 ml., or to a suitable depth of color, with ?i-butyl 
alcohol. Butyl alcohol solutions of the pigment are stable for several hours. 

For student laboratories, the reagent can all be mixed at one time and kept for 
several months without much discoloration. The discoloration does not interfere 
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with quahtative testing provided sufficient iron has been added and a superior grade 
of hychochlonc acid has been used. 

A Coleman Universal spectrophotometer was employed for the absorption curves. 

Discussion 

The usual directions for the preparation of the reagent do not 
specify sufficient ferric chloride to give positive tests with uronic acids 
and polyuronides. Pentoses and pure pentosans give good reactions 
with small amounts of ferric chloride, but apparently uronic acids 
produce, in acid medium, small amounts of compounds which reduce 
ferric to ferrous iron. Thus, a greater initial concentration is required. 
It was never possible to isolate the compound responsible for this 

TABLE I 


Addtiims of Varying Amounts of Iron to 100 ml, of Reagent 



Sugar 

0.1 

Additions in ml. of 10% ferric chloride 
0.2 0.3 0.4 0.5 1.0 

2.0 

Xylose 

+ 

H- 

-h 

4- 

4- 

4- 

+ 

Gum arabic 

+ 

+ 

+ 

4- 

-f 

4- 

+ 

Pectin 

— 

— 

— 

— 

— 

+ 

+ 

Calcium glucuronate 

- 

- 

- 

- 

- 

- 

+ 

Barium ^Jacturonate 

— 

— 

— 

- 

— 

+ 

+ 

Galacturonic acid 

— 

— 

— 

— 

— 

4- 

+ 

Glucurone 

— 

- 

+ 

4- 

4- 

4- 

+ 

Calcium 5-kctogluconate 

-f 

4- 

+ 

•f 

4- 

4- 

+ 

Xylan 


+ 

+ 

4- 

4> 

4- 

+ 

Glucose-xylose mixture 



4- 

4- 

+ 

+ 

+ 

4- indicates a positive test; 

— indicates a negative. 






reduction, but it is a Avell-known fact that uronic acids yield small 
amounts of enediols. One of these is reductic acid which Reichstein 
and Oppenauer (3) obtained from glucuronic and galacturonic acids 
on treatment with dilute sulfuric acid. 

In Table I are shown the results from a series of tests in which 
varying amounts of ferric chloride were added to 100 ml. of reagent. 
The great diJfference between the pentoses and the uronic acids is 
readily seen. Glucurone requii-es the least iron of the uronics. With 
calcium glucuronate and barium galacturonate considerable quantities 
of ferric chloride must be added to obtain positive results. 

The importance of the ferric iron is readily obseiwed when the 
reagent is allowed to stand. After several months it will no longer 
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give a test with pentoses but, if a small quantity of ferric chloride is 
added, positive reactions can again be obtained. We have been 'able 
to ‘'rejuvcnate^^ in this manner reagents which have stood for a year, 
even though badly discolored. 

Another difficulty in the use of the orcinol reagent has resulted from 
the various interpretations of what constitutes positive tests. Some 
manuals and textbooks state that methyloses give a characteristic 
yellow color and consider this a “positive^' reaction. This is an excep- 
tionally poor method to use for the detection of methyloses and should 
be discarded entirely, as almost any sugar, other than pentoses or 
uronic acids, can be made to yield a yellow color. Sorensen and 
Gaugaard (4) have even proposed that the ordinary hexoses be deter- 
mined quantitatively by means of the orcinol reagent. Then, too, 
digitoxosc supposedly gives a positive reaction (5), because a green 
color is obtained. This is true, but the green color is in no way com- 
parable with the color obtained by production of furfural, which alone 
results in the only acceptable positive reaction. 

Other invc&.tiftalors liav<‘ reported success in employing water solutions as the 
medium for the color identification and comparison. In a recent article, McRary 
and Slattery (6) and Mejbaum (7) applied orcinol to the quantitative determination 
of pentoses and pentosans. Their solutions contained only minute amounts of pentose. 
In our exp(Tience, water solutions have proved unsatisfactory due to the limited 
solubility of the pigment in water and the color of the residual feme iron. The ferric 
iron imparts a yellow cast to the water solution which hinders the test in visual 
observations by pairing with the blue to render the solution green. The actual color 
of the pigm<»nt produced by the pentose sugai-s is blue. The addition of butyl alcohol 
to the finished n*action suppresses the iron color so that it does not interfere, and 
the blue becomes quite <*vident. This blue color is the only color which should bo 
consider'd a positive' ore'inol rea<*tion. Even in the alcohol proa*dure, the color can 
be given a greenish cast by earamelizations of other sugars that arise, as an instance, 
in the hydrolysis of the polysaccharides. 

Whonovor thorc iH any doubt about the identity of the pigment the 
spectrophotometer should be employed. In this respect butyl alcohol 
solutions arc superior to water sohitions, and we have used them with 
equal success in qualitative and quantitative work. McRary and 
Slatteiy (6) published the absorption spectrum in water solution. The 
curve in water is a very wide band of absorption 'which starts at a 
wave lengtii of 450 niju and extends through to a wave length of 750 mjLt. 
Butyl alcohol solutions give a more precise spectrum and represent 
absorptions typical of the blue pigment. Fig. 1 shows the absorption 
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WAVE LENGTH (MU 

Fig. 1 

Absorption Spectrum in /i-Butyl Alcohol of Xylose Heated with the Orcinol 
Reagent Containing 0.2 ml. of 10% Ferric Chloride per 100 ml, 

in alcohol of a xylose test. The absorption band begins at a wave 
length of 560 mfi and extends to 750 with a maximum sufficiently well- 
developed at 680 mja to permit qualitative identification and quantita- 
tive determinations. The absorption at 400 m^ is due to the ferric ion 
(see Fig. 2, Curve CL 



Fig. 2 

Absorption Spectrum in n-Butyl Alcohol of Orcinol Tests from (Cmwc A) Pectin, 
(Curve B) Xylose and (Curve C) Absorption of Ferric Chloride 
in Butyl Alcohol (reagent strength times 2) 
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In Fig. 2 the absorption spectrum obtained from pectin is compared 
to a curve from xylose. The parallelism emphasizes the identity of the 
pigment obtained from the two tests. 

Butyl alcoliol solutions of the pigment lend themselves well to quan- 
titative determinations. At the absorption maximum of 680 m/i the 
relation between concentration and optical density is linear. The 
results in Fig. 3 were obtained by heating 1 ml. of sugar solutions 
containing 0.5 to 3.0 mg. of arabinose with 3 ml. of orcinol reagent 
for 5 minutes in a boiling water bath, cooling and diluting to 100 ml. 
with 77-biityl alcohol. The optical density of any given sample is deter- 



MG. PER ML. 

Fig. 3 

The Optical Density of Arabinose Solutions Heated with Orcinol Reagent and 
Diluted with ?i-Butyl Alcohol 

mined by the concentration of sugar, the concentration and freshness 
of the reagent, the duration of heating and the subsequent dilution. 
By selecting suitable <*onditioiis of heating and concentration of reagent 
an optical density can bo obtained which makes possible a quantitative 
determination of pentoses at almost any concentmtion. A standard 
curve must, of course, be run for every sugar, since the rate of furfural 
formation varies with diflfereni carbohydrates. 

Summary 

The efficiency of the orcinol reagent for the identification of pentoses, 
pentosans, uronic acids and polyuronides is dependent on the purity 
of reagents, the presence of sufficient ferric iron and the dilution of 
the reaction mixture with butyl alcohol for observation. The absorp- 
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tion spectrum of the blue pigment in alcohol is characteristic for 
carbohydiates producing furfural and can be used for qualitative and 
quantitative work. 
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Introduction 

Since Kiliani (1) first used the addition of hydrogen cyanide to 
sugars, the reaction has been employed innumerable times to effect 
syntheses of now sugars and of sugar deri^^atives. The reaction is 
quite universal and only in exceptional cases is it incomplete. A 
complete removal of reducing power results. 

luliani's failure to exploit the quantitative nature of his reaction 
most probably originated from the lack of a thoroughly tested method 
for determination of the excess cyanide. By applying the now well- 
established Liebig-D4nig6s method (2) for estimation of cyanide, the 
Kiliani reaction is easily made quantitative and becomes a simple and 
direct measure of the total number of reducing groups in any molecule 
possessing the aldehyde, ketone, hemiacetal or hemiketal stnictures. 
The quantitative application is the subject matter of this publication. 

The only other method heretofore available in sugar chemistry which is founded 
on a stoichiometric equation with reducing groups is the Willstiltter-Schudel (3) 
hjrpoiodite titration and its modifications by Kline and Acroc (4) and by Neuberg 
and associates (5) who employed hypobromoxis acid. The Willstatter-Schudol reagent 
reacts only with aldehyde and hemiacetal groups and not with ketone or hemiketal 
groups. Hydrogem cyanides however, reacts with all of these, and thus the two 
methods complement each other for structure determinations. 

Procedure 

Reagents. O.IN bilver nitrate; 0.2 iV* potassium cyanide; 0.1 iV acetic aoid; 
ammonium hydroxide. 

Two-tenths g. of the sugar to be tested is weighed out and dissolved in 9.00 ml. 
of 0.1 F acetic acid. Ten ml. of the cyanide solution are pipetted into the solution 
and mixed. The reaction vessel — ^a glass stoppered 260 ml. Erlenmeyer flask— is 
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immediately sealed with glycerol and set in a cool place for 24 hours. At the end of 
this time the stopper is cautiously removed and approximately 10 ml. of 6 N am- 
monium hydroxide arc added with a pipette. The stopper is replaced for a few 
moments, and the flask is shaken to obtain good mi.ving. Approximately 0.2 g. of 
potassium iodide is added. The solution is titrated to the first perceptible turbidity 
with 0.1 JV silver nitrate. A blank should be run along with the sugar. The difference 
between the blank and the sample titration times 13 represents the number of 
milligrams of cyanide as potassium cyanide consumed by the sugar. For 0.2000 g. 
glucose the theoretical quantity is 72.2. 

When working \\dth calcium salts one is likely to run into a precipitate. If this 
is the case, the calcium should first be removed with oxalic acid and a correspondingly 
less amount of 0.1 iV' acetic acid added. 

With salts of 2-keto acids the reaction time for the Kiliani reaction may bo more 
than 24 hours. Before the titration with silver nitrate this possibility should be 
checked by running a Fehling’s test on the solution. 

Results 

In the Liebig method, as improved by D6nig^s (2), cyanide is 
determined by titration in ammoniacal solution with silver nitrate in 
the presence of silver iodide. The silver cyanide ion is soluble in 
ammonium hydroxide. Any fui-ther addition of silver after the equation 
is satisfied results in precipitation of silver iodide. The cyanohydrins 
of sugars produced by the addition of hydrogen cyanide have no effect 
on the titration, and thus the Liebig-Dfinig^s method can be used 
without aspirating the excess cyanide from the solution for subsequent 
determination. 

Table I shows the quantities of cyanide (calculated as potassium 
cyanide) taken up by a series of sugars. Glucose and galactose were 
analytically pure and these two sugars conformed exactly to the 
theoretical requirement of cyanide. The others were run-of-the-shelf 
samples, but the results are in keeping with the purity of the sugars 
and, for ordinary work, are quite satisfactory. For determining the 
number of reducing gi’oups per molecule it is not necessary to use 
analytically pure compounds. 

The error of the method depends upon analytical technique. The 
usual accuracy is no better than one or two milligrams of potassium 
cyanide, as small amounts of hydrogen cyanide vapor may be lost 
easily. During the 24 hour standing hydrogen cyanide establishes a 
vapor-liquid equilibrium in the flask. The addition of ammonium 
hydroxide takes up the hydrogen cyanide vapor and prevents any 
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escape during the titration, but a small loss at the moment the flask 
is opened becomes unavoidable. Hence a blank is imperative. 

The method permits a clear distinction between monosaccharides 
and disaccharidos. Glucose consumes 72.2 milligrams whereas maltose 
takes up 36.0. Then, too, hexose-s can be differentiated from lower 
carbon monosaccharides; the difference for each carbon increment 
according to theory is 14.5 milligrams of cyanide. Thus, arabinose 
requires 85.1 milligrams, whereas glucose requires 72.2. 

In combination with the Willstatter-Schudel method a distinction 
between “aldo” sugars and “keto” sugars can be made. For instance. 


TABLE I 

CoHSvmption of Cijamde as Potassium Cyanide 


Suftai 

Observed 

Calculated foi 
anhydrous 


mgs. 

mgs. 

dlucobc anliytliouh 

72.2 

72.2 

Galacto&e anhydious 

72.2 

72.2 

Mannose 

73.9 

72.2 

Fructose 

74.2 

72.2 

Sorbose 

70.9 

72.2 

Calcium-5-kc(iO-(/-gluconaie 

74.1 

76.0 

Xylose 

83.0 

86.7 

Arabinose 

86.1 

86.7 

Lactose 

38.6 

38.0 

M^tose 

36.0 

38.0 

Cellobiose 

36.9 

38.0 

Sorbitol 

0.0 

0.0 

Sucrose 

0.0 

0.0 


fructose consumes the normal requirement of cyanide for a hexose 
but docs not consiune hypoiodite as do the isomeric aldohexoses. 

The addition of hydrogen cyanide to various sugars proceeds at 
differing rates. Hence, the 24 hour standing was chosen as a convenient 
time to allow for completion of reaction. With all compounds thus far 
tested, with one exception, 24 hours has been sufficient time. The one 
exception was 2-kcto-d-gluconic acid. For some unaccountable reason, 
which is under investigation, 2-keto-d-gluconic acid did not react 
completely on standing for as long a time as 4 to 5 days. This anomaly 
in behavior was not shown by other 2-keto acids which have been 
tested and for the present no explanation can be offered. 

If there is any doubt concerning the completion of reaction, a 
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Fehling’s or Benedict’s test should be made before proceeding with 
the titration for excess cyanide. 

Summary 

The quantity of hydrogen cyanide consumed by a sugar in the 
Kiliani reaction can be determined by titrating the excess with sUver 
nitrate in the presence of potassium iodide and ammonium hydroxide. 
Each sugar consumes cyanide in the ratio of one mole for each alde- 
hyde, ketone, hemiacetal or hemiketal group in the molecule. 

Various classes of sugars can be differentiated from one another on 
the basis of cyanide consumption: hexoses from pentoses and tetroscs; 
monosaccharides from disaccharides and trisaccharides. 
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Introduction 

Raffy and Fontaine (1) demonstrated the production of large 
amounts of riboflavin by Eremothecium ashbyii Guilliermond when 
grown on Sabouraud’s agar. Guilliermond, Fontaine and Raffy (2) 
had previously noted a very weak elaboration of this growth factor 
by the closely related yeast, Ashbya gossypii (Ashby and Nowell) 
Guilliermond, Guilliermond (3) recognized the similarity of the two 
species. However, since A, gossypii existed almost entirely in the 
mycelial state and never as a budding yeast, and because its ascospores 
were formed in cells originally plurinucleate instead of mononucleate, 
he created for it the new genus Ashbya, Stelling-Dekker (4) tentatively 
placed A, gossypii mth the ascosporogenous yeasts. 

In April 1943, we received from Dr. W. J. Robbins, Director of the New York 
Botanical Gardens, a strain of A, gossypii which was incorporated into our culture 
collection as NRRXi Y-1056. As stated by Guilliermond for this species, it existed 
entirely in the mycelial state. After several days incubation, it produced very pale 
yellow colonies with a greenish cast. It became more highly colored in serial stock 
transfers, and late in 1944, there emerged a variant which formed bright orange* 
yellow colonies within a few days at room temperature. The variant has remained 
stable for several months of serial transfer on solid media. It is slightly unstable 
when transferred serially in liquid media, giving rise to cells forming pale or colorless 
colonies. The fact that this orange-yellow variant produced good yields of riboflavin 
without the necessity of removing iron from the medium (as shown by Tanner, 
Vojnovich, and Van Lanen (5) to be required by yeasts of the Candida genus) en- 
hances the possible practical importance of A, gossypii for the commercial production 
of riboflavin. This short report is being published in the belief that other investigators 
may wish to follow up the possibilities of this organism. 


^ One of the laboratories of the Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U. S. Department of Agriculture. 
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A few preliminary experiments were made to determine the extent 
of riboflavin production. Two media were used. The first, designated 
as ‘'yeast extract,'^ had nearly the same composition as the medium 
used for maintaining stock cultures of yeasts at this laboratory. It 
was composed of 0.3% powdered yeast extract, 0.5% peptone, and 
2% Cerelose (commercial dextrose). The pH was 6.8 to 7.0. The 
second medium was designated as “Stimuflav,” and was the same as 
the yeast extract medium except that it contained, in addition, 0.3% 
of Stimiiflav.- The pH was adjusted to 6.8-7.0 \rith potassium hy- 
droxide. Both media have been emplo 3 ’'ed as solid substrates by the 
addition of 2% agar and reduction of the Cerelose content to 1%. 

It was found that active aeration led to higher jdelds of riboflavin 
than Guilliermond ei al. obtained with prolonged incubation periods 
of E. ashbyii in still cultures. Aeration Avas obtained by bubbling air 
through the medium, or b\’' the continuous agitation of culture fliasks 
on a Ross-KershaAv shaker. Incubation u'as at 26~28®C. To reduce 
foaming, cultures through which air was passed received 3 drops of 
lard oil containing one part per thousand of octadccanol. 

One experiment was run to determine the influence of the medium 
used in preparation of the inoculum on riboflavin yields. Four lines of 
serial shake cultures were cultivated simultaneously. One line was 
maintained continuously in yeast extract medium, another in Stimuflav 
medium, and two Avere alternately cultivated in the tAVo media. 
Inocula from yeast extract cultures of the alteinating lines always 
gave higher riboflaAun yields than inocula from the line maintained 
exclusively in yeast extract medium; similarly, inocula from the 
StimuflaA" cultures of the altcniating lino ahvays gave higher yields 
than inocula from the line maintained ('xclusively in Stimuflav medium. 

Assays were usually made when the cultuies wore 4, 6 and 8 days old. Acid extrac- 
tion, as commonly practiced for lilxirating riboflavin, Avas used, because a considerable 
amount of riboflavin is held insid(‘ the c(41s either as a strongly yellow solution or as 
crystals (ranging up to a maximum of 16 x 48 micra). The culture was adjusted 
potentiometrically to pH 1.5 with concentrated sulphuric acid, then autoclaved at 
15 pounds for 16 minutes followed by immediate cooling to room temperature and 
adjustment to pH 6.0 with potassium hydroxide solution. The samples were then 
filtered and the filtrate assayed for riboflavin with a spectrophotometer. 


* Dried distillers solubles manufactured by Hiram Walker and Sons, Inc., Peoria, 
Illinois. This is not an indorsement of this product over similar products made by 
other companies. 
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The effect of aeration rate on libofiavin production by A. gossypii 
grown in yeast extract medium is shown in Table I. The rate is ex- 
pressed as the number of ml. of air passed through each culture 
(400 ml.) per minute. The riboflavin 3'ield is given in y per ml. of 
medium. 

Generally, yields were two to four times as high in cultures through 
which air was passed as in shake cultures of the same medium gi*own 
for the same period of time. 

In cultures through which air was bubbled, 1% Cerelose in both 
yeast extract and Stimuflav media gave greater yields of riboflavin at 
4 days than 2% Cerelose, which gave greater yields at 6 days. How- 

TABLE I 

Yields of Riboflavin by AsKbya gossypii, NRRL Y- 1066 , in S% Cerelose-Yeast 
Extract Medium Aerated at Various Rates 


Anab bes 


Aeration 
Rate 1 X 1 ml. 
air/min / 
cultuie 

t days 

0 days 

8 days 


Dextrose 
remaining 
m medium 

EiboflaMn 
m yfml 

pH of 
culture 

Riboflavin 
m 7 /ml. 

pH of 
culture 

Rjibol^vm 
in 7 /fflJ. 

ml. 


pel cent 

y 


7 


7 

15 



77 


156 

4.8 

152 

50 



53 

6.9 



283 

75 

5,0 



7.2 



381 

100 

mm 


30 

7.1 


HI 

163 


ever, concent valioiis of sugar higher than 2% led to progressively 
lower yields, due partly, at least, to the development of high acidity. 
Sucrose and maltose, but not lartose, could be substituted for Cerelose. 

The addition of 0.3% Htimuflav and 0.1% calcium carbonate to the 
yeast extract medium inci'oascd the yield of riboflavin from approxi- 
mately 70 to 120-130 y per ml. at 4 days in cultures through which 
air was bubbled at the rate of 75 ml. of air per minute per 400 ml. of 
culture. 

It should be pointed out that towards the end of the experimental 
work, a new batch of yeast extract was used. It, unlike the original 
batch, failed to promote riboflavin production. The new yeast extract 
appears to be deficient in certain factors, the nature of which will have 
to be determined by future research. 
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iNTKObUCTION 

It has been shown (Pearson and Luecke, 1945) that the horse on a 
minimal daily intake of 0.01 mg. of nicotinic acid per kg. of body 
weight, or a total of 1.07 mg. daily, excreted in the urine and feces 
1.5 to 11.6 mg. of nicotinic acid in excess of the amount ingested. 
Since the daily excretion of nicotinic acid in the feces and in the urine 
each exceeded the intake, the synthesis of this vitamin by the horse 
seems to be well established. It was also reported that, after large 
oral doses of 5 g. of nicotinic acid daily, 42 to 60% was excreted 
in the urine and that no extra iV'-methylnicotinamide, or trigonelline, 
could be detected in the urine. 

The analytical data for nicotinic acid in the paper by Pearson and 
Luecke were obtained by the microbiological method (Krehl, Strong, 
and Elvehjom, 1943) employing L. arabinosus which responds equally 
to nicotinic acid, its amide and to nicotinuric acid. Thus, the question 
of whether or not ingested nicotinic acid is excreted per se, as the 
amide, or as nicotinuric acid remains unanswered. It was, therefore, 
deemed desirable to extend the earlier studies by making more detailed 
analyses of the nature of the end products of the metabolism of 
nicotinic acid, nicotinamide and its methylated derivative, in the horse. 

* Aided in part by grants from the John and Mary R. Markle Foundation, the 
Nutrition Foundation and the Duke University Research Countnl. Acknowledgment 
is made to Merck and Company for generous supplies of mcotinic add, mootinamide 
and N'-methylnicotinamide used in these investigations. 

Nutrition Foundation Fellow. 
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Experimental 

Si\ Shetland ponies about 15 months old and weighing approximately 80 kg. were 
used in the present studies. The maintenance and dietary regimen of the horses 
v,cie essentially the same as described previously (Pearson and Luecke, 1945). 
The horses were fed the basal diet which provided approximately 0.1 mg. of nicotinic 
acid per kg. of body weight daily, until the urinary excretion of nicotinic acid reached 
a moie or less constant level. 

Oral and subcutaneous doses of nicotinic acid, nicotinamide and -met hylnicot in- 
amide were administered for four consecutive days. The urine was collected quanti- 
tatively on the third and fourth days. The urine samples were preserved with toluene 
and HGl. 

The total nicotinic acid was determined in the Texas laboratones by the micro- 
biological method (Krehl, et al., 1943) and the preserved samples were slupped by 
express to Duke University for the chemical analyses. The non-methylated deriva- 
tives of nicotinic acid were determined in the unhydrolyzed urine and in the urine 
after h 5 'drolysis with 1 N HCl and 8 N HCl as described for human urine by Sarett, 
Huff and Perlzweig (1942). The iV'-methylnicotinamide was determined by the 
recent fiuorometric method of Huff and Perlzweig (1945). 

The data in Table I indicate that the nicotinic acid in the urine of 
the horses on the basal ration consists to a considerable extent of 
derivatives or conjugates yielding nicotinic acid on hydrolysis with 
HCl. While no attempt was made to isolate and identify the separate 
fractions, the figures obtained correspond to mixtures of nicotinamide 
and nicotinuric acid. That this is not the case is shown by the micro- 
biological assay values which are significantly lower than the values 
obtained after hydrolysis with 8 N HCl. Bearing in mind that N'- 
methylnicotinamide is not determined, either in the acid hydrolysates 
nor in the microbiological assays, it appears that some other hydroly- 
zable derivative or derivatives of nicotinic acid other than nicotinamide 
or nicotinuric acid is present in normal horse urine. That these are 
not likely to be glucuronides was inferred from the fact that the 
administration of nicotinic acid or of the amide did not affect the 
excretion of glucuronides in the urine as determined by the method of 
Hanson, Mills and Williams (1944). 

In the previous communication (Pearson and Luecke, 1945) it was 
reported that it was impossible to detect the presence of iV'-methyl- 
nicotinamide in urines, either normal or after ingestion of nicotinic 
acid, by the colorimetric methods of Kodicek and Wang (1941) and 
Sarett (1943). Employing the new fiuorometric procedure (Huff and 
Perlzweig, 1945) by means of which 0.5 y of iV'-methylnicotinamide 
(but not trigonelline) can be determined with an accuracy of about 
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5%, from 3.0 to 4.8 mg. of the methylated derivative was found in the 
48-hour urines of the horses on the basal diet. The identity of this 
compound with iV'-methylnicotinamide is not certain, although similar 

TABLE I 

Urinary Excretion of Nicotinic Adi and Hydrolyzable Derivatives as 
Determined by the Microbiological Method and Chemical 
M eUiods After Various Degrees of Hydrolysis 
(Values in mg. per 48 hours) 



\ni- 

mal 

No 

Unhydio- 

ly?ed 

After'" 

IK 

HCl 

After 

5 AT 

HCl 

Micro- 

bioloncal 

Metliod 

JV'-methyl- 

mcotiu- 

amide 

Recoveryf 
Per cent 

Control— 

10 

2.3 

4.4 

7.4 

mm 



Dietary 

55 

2.6 

5.0 

8.2 




intake 8 mg. 

57 

1.9 

3.4 

5.8 




nicotinic 

58 

2.0 

4.1 

6.2 




acid daily 

70 

3.5 







148 

44 

7.1 

11.4 

4.4 

4.8 


Average 



5,0 

8,2 

u 

4.0 


After 4 g. 

10 

517 

667 

692 

692 

2.6 

17,1 

nicotinic 

65 

1510 

Wmm 

2129 

2368 

3.3 

53.1 

add 

57 


19 


2352 

3.6 

64.1 

(2 g. daily) 

58 ! 

1295 

1362 

1614 

1685 

5.4 

40.2 


70 

825 



1114 

4.6 

26.3 


148 

531 

576 

741 

882 


18.3 

Average 


1080 

1175 

HOI 

1516 

4.i 

35.0 

After 4 g. 

10 

82 


271 

268 

4.9 

6.6 

nicotinamido 

55 

42 

74 

118 

96 

1.5 

2.8 

(2 g. daily) 

57 

71 

mm 

150 

128 

5.7 

3.6 


58 

48 


160 

191 

3.1 

3.9 


Wm 


122 

182 

188 

3.9 

4.3 





160 

186 


37 

Average 

n 


118 

m 

176 

4.7 

U 


*' Expressed in terms of nicotinic add. 

t Based on the urinary nicotinic add derivative as determined by the chemical 
method. 


values were obtained employing an earlier and entirely different 
fluorometric procedure (Huff and Perlzweig, 1943). We know at 
present of no urinary component except the pyridine nucleotide 
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coenzymcs f which react in both of the fluorometric methods em- 
ployed. It is, therefore, possible but not established that the N'- 
methylnicotinamide figures in Table I actually represent the pyridine 
nucleotides. This point ^dll be discussed later in the paper. 

The differences in the urinary products after oral ingestion of 
nicotinic acid and its amide are very striking. On the third and fourth 
days of ingesting 2 g. of nicotinic acid daily the horses excreted from 17 
to 54% (average 35%), mostly in the unchanged form plus some nico- 
tinuric acid. After ingesting the same amount of nicotinamide they 
excreted only 2.8 to 6.6% (average 4.1%), mostly as the amide, as 
shown by the increase in value after hydrolysis with 1 N HCl and 
very little increase after 8 N HCl. There was no significant increase 
over the control in the excretion of iV'-methylnicotinamide as deter- 
mined by the fluorometric method. Apparently much more nicotin- 
amide is “destroyed” or changed into unknown compounds than 
occurs when nicotinic acid is ingested. In spite of the large dosage 
there was no significant rise in the excretion of the methylated com- 
pounds. 

To test the possibility of destruction of the nicotinamide by the 
bacterial flora of the intestinal tract, a single dose of 715 mg. was 
administered to each of three horses subcutaneously and the 48-hour 
urines analyzed with the results shown in Table II. It appears that 
again only 2.5 to 6% of the amide was excreted and about 95% 
remains unaccounted for. Thus, the possibility of loss and destruction 
by the intestinal bacteria is largely eliminated. There remains the 
unexplored possibility of retention of nicotinamide or of a derivative 
in the tissues. 

Since it was previously found that man, rat and rabbit (unpublished 
data of Huff and Perlzweig) “destroy” orally and parenterally ad- 
ministered JV'-mcthyhiicotinamide it was thought desirable to test 
the horse in this respect. In Table II are shown the results of experi- 
ments with oral and subcutaneous doses of iV'-methylnicotinamide. 
Of the oral dose very little, less than 2%, appeared in the unchanged 
form while the fate of 98% remains undetermined. It is possible, but 
not likely, that there was a loss with the feces which were not analyzed. 
Of the subcutaneously administered dose 45, 50 and 57% was excreted 
unchanged by the three animals, with approximately one-half re- 

t It has lecently been established that DFN responds to the fluorometric acetone 
method for ^ -methylnicotinamide of Huff and Perlzwg (194S). 
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maining unaccounted for. There was no evidence in the anal3rtical 
data that any significant amount of iV'-methylnicotinamide was 
demethylated to nicotinic acid derivatives or changed to trigonelline 
by loss of the amide group. As with the nicotinamide, the possibility 
of storage in the tissues remains to be explored. 

In general, the behavior of the home in regard to nicotinic acid 
metabolism is unlike that of man, dog, pig or rat where the chief 
excretion product is largely iV'-methylnicotinamide, and appears 


TABLE II 

Urinary Excretion 0/ Ntcotmv: Acid Denvaiives After Admimsttaiion 
of N'-Meffiylnicotinamide and Ntcotinamide 


\nmial No 

Dose 

Nicotinic acid 
Miciobiologu il 

V'-meth\ Inicotmamido 

Recot Cl \ 


Aftei 

Befoie 

Alter 



mg per 48 hrs 

mg. per 48 hre 

per emt 

10 

706 mg 

3.9 

5.1 

4.1 


1.9 

70 

AT'-MN** 

88 


4.5 


0.7 

148 

Orally 

4.4 

4.4 

4.8 

13.0 

1.0 

10 

796 mg 

3.9** 

4.6 

4.1** 

463 

56 

70 

AT'-MN'' 

8.8** 

5.2 

4.6** 

358 

44 

170 

Injected 

4 4** 

5.5 

4,8** 

398 

50 

55 

715 mg 



3.8 

6.0 

2.4 

57 

Nicolmamide 



3.0 

5,7 

3.6 

58 

Inieolcd 


451 

3.6 

4.4 

6.0 


■*N'-MN— abbrcviaiion loi ^''-methyliucoliiumide. 

*''Tho9C‘ values aio assumed U) be the ‘Mime m the precedmg expciiment diioctly 
above. 


similar to that of the rabbit, the only other herbivorous species 
studied. However, in common with man and rat, and also rabbit, the 
horse appears to be capable of “destrosdng” IV'-methylnicotinamide. 
Hence, the possibility cannot be overlooked that the horae (and the 
rabbit) also methylate nicotinic acid and its amide and destroy the 
methylated product as rapidly as it is formed in a manner analogous 
to the predicated formation and transformation of citrulline and 
ornithine in the Krebs cycle of urea s3nithesis. 
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Summary 

The urine of horses maintained on a low (0.1 mg. per kg.) intake 
of nicotinic acid contains a hydrolyzable derivative of nicotinic acid, 
apparently not identical with nicotinamide, nicotinuric acid or the 
glucuronide. It also contains a constituent determinable by mothods 
for JV'-methylnicotinamide. The possible relation of this product to 
coenzyme is discussed. 

The oral ingestion of 2 g. of nicotinic acid daily leads to the excretion 
of 18 to 54%, chiefly as such, with small amounts of nicotinuric acid. 
The oral ingestion and subcutaneous injection of nicotinamide results 
in the excretion of about 5%, largely as such, while the remaining 
96% cannot be accounted for by any of the available methods for 
nicotinic acid derivatives. 

Neither nicotinic acid nor the amide leads to increased excretion of 
the methylated products, trigonelline or iV'-methylnicotinamide. 

N'-methylnicotinamide when administered orally to the horse 
disappears almost entirely, only about 1% being found in the urine 
After subcutaneous injection about one-half is excreted unchanged, 
the other half could not be detected in the form of any known nicotinic 
acid derivatives. 
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iNTHODtrCTION 

It had been noted that the natives of central Mexico gi’ound a 
certain species of Myriapoda with plants for poisoning their arrows. 
This observation prompted an investigation of the active principle of 
the poison. 

The myriapod in question, viz., Polydesmus {Fontaria) Vicinus, Lin., 
is similar to R-otomitus, but is white and much smaller. It shows a 
small triangular elevation, and its back is more vermiform with the 
posterior angle of the keels. A shallow groove runs obliquely from the 
angle of the keel to its posterior border (1) (2) (3). The male of the 
species, when irritated, produces hydrocyanic acid, which can be 
detected owing to the strong bitter almond-like odor of the exudate. 

Prbpabation 

Ton kg. of iho Polydesmus were obtained and dried for two hours at 105°C. 
When cooled, the material was finely pulverized. The powder was washed with 
petroleum ether until a drop of the ether, after evaporation on filter paper, left no 
residue. The powder was placed in an Erlonmeyer flask with 100 cc. of alcohol, and 
the mixture heated to 60®C. This extraction was carried out four times more using 
60 cc. of the extractive, five different alcoholic solutions being obtained. The solutions 
were combined and filtered, first through linen and then through paper. Two to 
three hundred cc. of a yellow solution were thus obtained. This solution was concen- 
trated and allowed to crystallize in the icebox. The substance was recrystallized 
from ether, again from alcohol, then treated with Darco in water, and the yield of 
crystals finally increased by addition of alcohol to the filtrate. Yield, 0.9 g. 

The crystals thus obtained are soluble in alcohol, very slightly 
soluble in ether and cold water, more soluble in hot water. M.P., 196®C. 
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Analysis: Qualitative micro analysis proved the presence of C, H 
and N, and absence of S and halogen. Quantitative analysis gave the 
following results (4) : 


C 59.6% 

H 9.1% 

N 3.2% 


71.9% 

The simplest foi’mula possible is, therefore, CirHsaOsN. 

Molecular Weight Determination (5) : The determination was carried 
out by the East method. The molecular weight calculated from the 
empirical formula is 337. The molecular w'eight found experimentally 
was 335 . 2 . Therefore, the compound is monomeric, and has the above 
formula. 


Deteemination op Stbuctural Foemtjla 

Hydrolysis of the Compound: Two g. of the compound were hydro- 
lyzed with dilute sulfuric acid at pH 4 for four hours, and the gas 
evolved was absorbed in AgNOj solution. The precipitate proved to 
be AgCN. In addition, an oil layer and a water layer remained in the 
refluxing flask, which were separated. The oily substance had a boiling 
point of 236°C., D°o == 0.9775, no®” = 1.5301. This compound con- 
tained 81.0% carbon and 7.19% hydrogen. Heated with KMNO 4 , it 
gave another compound, possibly cumic acid, as its m.p. was 117°C. 
Since the chemical and physical properties of the oily layer agreed 
with those of cuminaldehyde described in the literature, it was con- 
cluded that the compound in the oily layer was cuminaldehyde. 
However, for identification, two derivatives were prepared, viz., 
a-cuminaldoxime (m.p. 61®C.) and cuminaldehyde semicarbazone (m.p. 
211 “C.) ( 6 ). 

On evaporation of the second layer in vacuo, d-glucose was obtained 
and was identified by its osazone (m.p. 204®C.) and a-acetate (m.p. 
111 “C.) (7). 

Determination of the Relation of HCN, Glucose and Cuminaldehyde: 
The hydrolysis was repeated with 2 g. and a*VoIhard titration per- 
formed to determine the percentage of HCN present. The cuminalde- 
hyde was removed and weighed and a Fehling determination of the 



POLYDESMUS VICINU& LIN. POISON 


107 


glucose present was carried out (8). The following percentages of 
HCX, cuminaldehyde, and glucose were obtained: 


IICN 7 . 8 % 

Cuminalclehydc 41 . 4 % 

Gluco&e 50.7% 


Total 99.9% 


A calculation would indicate that 1 molecule of HCN, 1 molecule 
of cuminaldehyde and 1 molecule of glucose are present. Therefore, 
it is believed'that the possible structural formula of the compound 
would bo: 


II— C 


OH H 

A in i 


0 


OH 

-i— CH..-OH 


H II 


NsO-C— C 


H 


y \ 


/ 


CHj 


C—CH 


H H 


i 


!H, 


Administration of the substance per os to young rabbits (0.2 g. per 
kg. body weight) causes, at the end of an hour, salivation, constriction 
of the throat, insensibility, and finally death. 

When rabbits am intravenously injected with this substance, they 
do not die unless emulsin is posteriorly injected. 

By enzymatic hydrolysis of the glucoside with emulsin one can 
prove that H(3N, glucose and cuminaldehyde are produced. 


StJMMABY 

1. The Mexican PoJydesmus {Fomtaria) Vicinm, Lin. when irritated 
exudes HCN. 

2. HCN is combined with glucose and cuminaldehyde. 

3. The possible structural formula of the active principle is a 
glucoside of p-isopropylmandelonitrile. 
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Introduction 


A vast literature exists on the combination of proteins with acids, 
bases, metal ions and neutral molecules (1). In all of this work it is 
recognized that the protein molecule is capable of combining with 
more than one of the interacting ions or molecules. In consequence, 
the law of mass action, as applieil to the numerous equilibria which 
may be involved, becomes quite complex in form. Suitable approaches 
to the binding of acids and bases by proteins have been worked out 
by Simms (2), Weber (3), von Muralt (4), and Wyman (5). 

On the other hand, the combination of proteins with metal ions or 
neutral molecules has not been treated adequately from the point of 
view of the law of mass action. 

Eecently Greenberg (6) summarized the literature dealing with 
complexes between alkaline earth cations and proteins, and considered 
in detail the interactions wdth calcium. The quantitative treatment of 
the binding of calcium ions by proteins has been based on the sug- 
gestion of McLean and Hastings (7) that the asaodaiion be considered 
as a singlo-step process 

Ca-* » -h Pr“ = CaPr (1) 


and that, in formulating an equilibrium constant for the dissociation 
process. 


[Ca++][Pr-3 

[CaPr] 


(2) 


the protein molecule be treated as a series of independent divalent 
ions. Thus the number of moles of [CaPr] is taken as the difference 
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between the total calcium and the free calcium 

[CaPr] = Catoti - CaJi = (3) 

and the number of moles of [Pr”] is obtained by multiplying the total 
moles of protein by the maximum number of Ca++ ions that combine 




Fig, 1 

Binding of by Casein as a Function of the Ca"*^ Ion Concentration 
(Data of Chanutin, Ludewig and Masket (8)) 


with one molecule of protein, and then subtracting [CaPr], In esti- 
mating the maximum number of Ca"^ ions bound by a protein mole- 
cule, McLean and Hastings used the base combining-weight of the 
protein, A more reliable method, which does not assume that the 
equivalent weights of protein toward hydroxide ions and calcium ions 



M\fefa ACTION AND PROTEIN BINDING 


111 


are the same, was worked out by Greenberg, Larson and Tufts (8). 
In either event, however, it becomes immediately evident from an 
examination of the data of Chanutin, Ludewig and Masket (9) that 
ten or more calcium ions may combine with each protein molecule 
and, consequently, that equation (2) is not the proper formulation of 
the equilibrium constant for such multiple binding. On the other hand, 
equation (2), and others derived from it are convenient methods of 
representing the available data, and hence it becomes of interest to 
consider the conditions under which the law of mass action reduces to 
these simple forms. To determine these limiting conditions the fol- 
lowing analysis has been developed. Inasmuch as the approach is not 
limited to the binding of Ca+^ ions, and in fact was developed origi- 
nally to interpret the interactions of drug molecules with proteins, 
the following equations have been outlined in general form and then 
applied to the special case of Ca++. 

General Equations for Multiple Binding 

Consider a molecule or ion, M, which may combine with a protein 
molecule, Pr (charges are not indicated), in a series of steps: 

Pr -t- M = PrM 
PrM -I- M =. PrM, 

PrM„_i -I- M = PrM, 

These reactions may be represented by the 
constants, neglecting activity coefficients, 

[PrM] 

CPr]CM] “ 

[PrM,] 

CPrM]CM] “ ’ (5) 


(4) 

classical equilibrium 


[PrM.] 

CPrM._i][M] 


The following convenient relations can also be derived readily from (5). 


[PrM,] 

CPr]CM]‘ 


kiki 


[PrMn] 

CPrJM]" 


k,ks • ■ kn - 


(6) 
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A useful quantitative expression of the extent of binding is the ratio, 
r, of the moles of bound ion or molecule to the total moles of protein. 
In terms of the quantities introduced in equations (5) and (6), r 

[PrM] + 2nPrM,] + • • • + nCPrM.] 

[Pr] + [PrM] + DPrM,] + ••• + [PrMJ ^ ‘ 

This equation can be transformed by suitable substitutions from (5) 
and (6) to give 

ki[M] + 2kik,CMy + • • • + n(kik, • • • kn)CM]» 

“ 1 + kiCM] + kikjCM? + • • • + (k.k, • • k„)[M]" 

A cursory inspection reveals that if [M] is factored out of the numer- 
ator of (8), the remaining factor is merely the derivative of the de- 
nominator with respect to [M]. If we let / represent the denominator 
and/' represent d//d[M] then equation (8) reduces to 

r = [M]/'// (9) 

Application to Binding op Calcium 

A typical experimental curve of r as a function of [— log CaJ^] is 
shown in Fig. 1, which has been derived from the data of Chanutin, 
Ludewig and Masket (9) on casein in solutions of NaOH and NaCI. 
The range covered by these investigators was from 3 to 18 millimoles 
of total calcium per kilogram of water. At the highest concentration 
used, over 9 moles of Ca++ ion are bound per mole of total protein, 
as is indicated in Fig. 1. To determine the maximum number of Ca''^ 
ions which may be bound by one protein molecule, one may plot, 
as have Chanutin, Ludewig and Masket (9), the ratio of total moles 
of protein to moles of bound Ca++ ion against the reciprocal of the 
free Ca++ (Fig. 2). The experimental data can then be extrapolated 
to infinite [CaJ+], i.e., to l/CCaS+] = 0, and the reciprocal of the 
intercept gives the maximum number of Ca++ ions that may be bound 
by one molecule of protein. The data of Fig. 2 for casein lead to a 
figure of 16 for this maximum, \vith an uncertainty of about ± 1. 

The McLean and Hastings constant, KcaPr, may be reduced now to 
terms which can be equated to the theoretical relation given in equation 
(9). From equations (2) and (3) and the related discussion it is obvious 
that 

xr CCa£^XmPr«^ - Caa^„„d] 


(10) 
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where m is the maximum number of Ca++ ions bound by one molecule 
of protein. This equation can be rearranged readily to give the ex- 
pression 

^ >»CCai!;ge] 

Kcp, + [CaJJe] ^ ^ 



Fig. 2 

Extrapolation to Dotormine the Maximum Possible Number of Bound Ca ^ Ions 


Avhich in terms of the generalized notation introduced above leads to 
the empirical relation for r, 


mCM] 

KcaPr + CM] 


( 12 )* 


By equating the relations given in (9) and (12), one can determine 
the conditions under which the law of mass action reduces to the 
simple McLean and Hastings expression. Thus, cancelling the common 
factor, one obtains the equation 

f ” (13) 

/ Ko..,+ CM] 

* It is of interest to note that this is the form of a Ijangmuir adsorption isotherm, 
y = aa;/(6 + a;). In other words, expressing data in terms of the McLean and Hastings 
method amounts to saying that the data can bo fitted to a Langmuir isotherm. 
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This ib a veiy simple differential equation which may be integrated 
readil 3 ’’ to give 

We are now in a position to evaluate the true mass law constants 
[equations (5)] in terms of the McLean and Hastings constant, 
KciiPr. Replacing / by its explicit equation, one obtains 


1 + ki[M] + kikj[M J + 


+ (k, • • • k„)CM]“ +••• 
+ (k. •••kJCM]'“ 


= ( 


1 +i^V 

KcaPr/ 


(IS) 


Taking casein as an example and assuming that m is 16 one can 
differentiate equation (15) succcssh^ely and obtain a series of sixteen 
equations of the form: 


k. + 2k,k,CM] + • • • 4- 16(k.ks • • • k,.)CM]« 




2k.k, + (3)(2)k,ksk.CM] + • • • + (16)(15)(k, • • ■ k,.)CM]“ 

(16) (15) / [M] y« 

“ K'oaPr \ Kcp,/ ’ 


C(15)(14) ■ • . (2)(l)]{kik, • • • kis) + C(f6) • • • (2)](k.k* • • • k..)CM: 

(16) •■•(2) / [M] \ 

KgaPr \ KoaPr/’ 

16!(k.k,---kt,) = 

•*^CaPr 


(16) 


Solving the above equations for the constants defined by equations 
(6), one obtains 


kik2 • • • kifl 


kiki • • ■ ki6 


1 

l^CaPr 

16 

TTlS 


kik* • • • kn 


Hi 

n! 

(16 - n)IK?«, 


(16)(15) ••• (1) 1 1 

(16) •••(1) Koarr" l^CaPr 


(17) 
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Taking suitable ratios of the equations (17) one may obtain the 
individual cijuilibrium constants for the binding of Ca^ ions by casein: 


k, 


k2 


16 


KoaPr 


15 1 

2 KoaPr 


16 - (n - 1) 1 

n K(’aPi 


(18. 


As an example, numerical values for these constants have been 
calculated for casein on the basis of a value of 2.23 for pKcaPr, the 
value derived from the data of McLean and Hastings (7) by Chanutin, 
Ludewig and Masket (9). These calculated constants are listed in 


TABLE I 

Equilibrium ComtarUu for Binding of Ions by Casein 


k 

Numerical 
value of 
k 

Numerical 
value of 
l/k 

k 

Numerical 
value of 
k 

Numerical 
value of 
l/k 

k. 

27 X W 

0.037 X 10-a 

k9 

1.5 X 102 

0.67 X 10~2 

ki 

13 

0.077 

kio 

1.2 

0.83 

ks 

7.9 

0.13 

kii 

0.93 

1.1 

ki 

5.5 

0.18 

ki> 

0.71 

1.4 

k. 

4.1 

0.24 

ki8 

0.52 

1.9 

k. 

3.1 

0.32 

ku 

0.36 

2.8 

ki 

2.4 

0.42 

kis 

0.23 

4,4 

k« 

1.9 

0.53 

ki8 

O.ll 

9.1 


Table I, together with values of their reciprocals, which would be the 
equilibrium constants for the corresponding dissociaiion processes. 

Knowing the individual equilibrium constants one can calculate the 
concentrations of the various species of bound calcium, i.e., [CaPr], 
[CajPr]], etc., by suitable substitutions in equations (5) or (6). Al- 
though the solution of a large number of simultaneous equations is 
involved, the operations lend themselves to so many simplifications 
that a complete calculation takes a very short time. 
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In addition to casein, there are a number of other proteins (7, 9) 
whose interactions with Ca++ ions can be correlated conveniently by 
the McLcj^n-Hastings constant. The true equilibrium constants for 
these cases may be evaluated readily from the following relation, the 
generalization of the equations deduced in (18), 


ka 


— (n — 1) 1 

n KcaPr 


(19) 


where m represents the maximum number of Ca++ ions bound by one 
molecule of protein. 

It should be recognized that there are complex situations, such as 
in blood plasma, where some experimental results (7) may be fitted 
to a McLean-Hastings constant and hence k’s evaluated, but these 
latter constants cannot have the simple significance implied by equa- 
tions (5), for with more than one protein actively combining with 
Ca++ ions, equations (4) are not an adequate description of the 
equilibria involved. In this connection it is of interest to note that 
recent work (9) indicates that the binding of Ca++ by plasma cannot 
be described by a simple McLean-Hastings constant. 

The equations derived here are quite general in nature and can be 
applied to the interaction of proteins with other ions as well as with 
molecules. The results obtained in a number of such cases will be 
described in subsequent publications. 


Summary 

1. Equations have been derived from the law of mass action for 
application to combinations between proteins and ions or molecules. 

2. The equations have been applied to the intemetion of Ca++ ions 
with proteins, for which case they assume a particularly simple form. 

3. The data on the combination of Ca++ with casein have been 
reviewed, and the true equilibrium constants have been calculated. 
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Introduction 

Since the advent oi the Tiselius (1) technic for electrophoresih, 
numerous studies have been made on human and hoi-se plasma and 
sera. Svensson (2) reported electrophoretic results for swine serum as 
well as for sera of other animals. More recently Svensson (3) studied 
the effect of ionic strength on the distribution of albumin and globulin 
as obtained from electrophoretic diagrams using phosphate buffer 
pH 7.7 with the addition of NaCl to vary the ionic strength from 
0.1-0.47. Cooper (4) made a similar study using barbital buffer at 
pH 8.6 and 7.8 on artificial protein mixtures and on swine serum. It 
was the purpose of this investigation to study the behavior of swine 
plasma and serum in phosphate and barbital (veronal) buffers. Ionic 
strength was varied to a limited extent, while more emphasis was 
placed upon comparison of serum with plasma and the efficiency of 
each buffer for resolution of the components when the plasma or 
serum was subjected to electrophoresis. 

Experiment.\l 

The moving boundary technic of Tiselius (1) as modified by Longsworth (6) was 
used in the electrophoretic determinations. A pooled sample of plasma from 600 
swine was used. T^ plasma was prepared by continuous centrifugation of whole 
blood to which had been added sodium citrate to a concentration of 0.5% at time 
of collection on slaughter floor. The plasma was then dried in the frozen state. 
Electrophoretic determinations were made on a part of the plasma before it was 
dried. The results were identical with those of the dried plasma. All data reported 
in this paper are on the dried plasma and fresh serum. The phosphate buffer, pH 7.7, 
ionic strength 0.2, was prepared according to Qreen (6). The veronal buffer, pH 8.6, 
ionic strength 0.1, was prepared according to Longsworth (7). The veronal buffei, 
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pH 8.8, ionic strength 0.2, was made by adding the appropriate amount of NaCl to 
the buffer of 0.1 ionic strength. The veronal-citrate buffer was made by adding 5.8 g. 
of sodium citrate to each liter of veronal buffer at pH 8.6, ionic strength 0.1, and then 
diluting to twice the volume of the original veronal buffei with distilled water. 
The final pH was 8.2. The veronal-citrate buffei was used to prevent precipitation 
of fibrinogen during its determinations in the ciude fibrinogen preparation. 

Approximately 2% protein solutions were made by dissolving the dried plasma in 
the appropriate buffer. The solutions were then plaeed in Visking casings and dialyzed 
against 40 volumes of the buffer. The dialysis was conducted in a 40°F. room for 
three days with two changes of buffer or until there was no change in the conductivity 
of the buffer solution. Before making the determination, the protein concentration 
was checked and adjusted, when necessai-y, by measuring the index of refraction. 
Electrolysis of the protein solutions in phosphate buffer was allowed to proceed for 
4 hours with a voltage gradient of 4.5 volts per cm., in veronal buffer, ionic strength 
0.2, for 4 hours with a voltage gradient of 3.7 volts per cm., and in veronal buffer, 
ionic strength 0.1, and veronal-citrate buffer, ionic strength 0.1, the electrolysis 
lasted for 2i hours and the voltage gradients were 6.2 volts per cm. and 7.4 volts 
per cm., respectively. 

Experiments on fresh swine serum were carried out under conditions identical to 
the plasma studies. Only two buffers were used — ^phosphate buffer, pH 7.7, ionic 
stiength 0.2, and veronal buffer, pH 8.6, ionic strength 0.1. 

A sample of fibrinogen fractionated from swine plasma was added 
to whole swine plasma to establish the validity of the electrophoretic 
method for determining the percentage composition of the various 
components in the plasma. The fibrinogen was approximately 70% 
pure as determined electrophoretically in phosphate buffer or 66% as 
determined in veronal-citrate, ionic strength 0.1 buffer. Traces of 
albumin and a-, /S-, and 7-globulins were found as impurities. The 
crude fibrinogen was added so that it formed 10% of the total 2% 
protein contained in the plasma solution to be electrolyzed. Two 
buffers were iLsed: namely, phosphate, pH 7.7, ionic strength 0.2, and 
veronal, pH 8.0, ionic strength 0.1. The plasma and fibrinogen samples 
wore dialyzed separately and then mixed before electrolysis. 

Instead of measuring the distance moved by the components from 
the initial boundary as suggested by Longsworth (8), the distance 
from the concentration anomaly as suggested by Williams (9) was 
used. We found mobilities \vere more consistent when they were based 
upon the anomaly rather than the initial boundary. Mobilities were 
calculated on the descending boundaiies only for reasons set forth by 
Longsworth (8). 

The concentrations of the protein components in plasma and serum 
were determined by finding the ratio, in each case, of the component 
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area to the total area (exclusive of 5 and 6 boundaries). The areas 
were measured on projected tracings of both the ascending and 
descending pictures with a planimeter. The tracings were previously 
resolved into their components by drawing Gauss curves as Pedersen 
(10) did in ultiacentrilugal analyses and as Longsworth (7) later 
applied to electrophoresis. 

Results * 

The apparent distribution of the swine whole plasma components 
separated by electrophoresis in the four buffer solutions used is 
shown in Table I. Duplicate runs in each solution are reported. The 
apparent percentage concentrations are given as the average of the 
ascending and descending boundaries, calculated as described above. 

Comparing only the veronal buffer of ionic strength 0.2 and veronal 
and veronal-citrate of ionic strength 0.1, it is seen that the relative 
concentrations of ay, ay^ and /J-globulins and fibrinogen, correspond 
rather closely. In the veronal buffer of ionic strength 0.2 the higher 
concentration of 7-globulm and the lower concentration of albumin 
seem significantly different from the coiTcsponding concentrations in 
the other veronal buffers. 

Between the phosphate buffer and the veronal and veronal-citrate 
buffers there are marked differences. The fibrinogen, <^, concentration 
apparent in the phosphate solution is about one-half the percentage 
value obtained in the veronal buffei‘s. And conversely, the jS-globulin 
concentration is relatively higher in the phosphate buffer, giving a 
percentage value of almost twice the jS-globulin concentrations ap- 
pearing in the other buffer solvents. The ai-globulin component does 
not separate out in the phosphate buffer used The 7-globulin concen- 
trations in phosphate and veronal, ionic strength 0.2, are of the same 
order, but the phosphate shows an albumin concentration considerably 
higher than veronal, ionic strength 0.2, and also significantly higher 
than veronal and veronal-citrate of ionic strength O.l. The veronal- 
citrate buffer shows no advantage over the other buffers in preventing 
the precipitation of fibrinogen in the analysis of crude fibrinogen. 

Typical electrophoretic patterns of the swine plasma experiments 
are shown in Fig. 1. Under the conditions used in these experiments, 
the veronal buffers of ionic strength 0.2 and 0.1 yield very fiat ai- 
globulin boundaries. In all the experiments reported here there is a 
good separation of the 7-globulin from the b and e anomalies, but in 
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veronal, ionic strength 0.2, the 7-gIobulin is not adequately separated 
from the fibrinogen peak. The jCJ-globulin is also poorly resolved from 
the fibrinogen and a:2-globulin boundaries in the veronal of higher 
ionic strength. 

ASCENDING BOUNDARY DESCENDING BOUNDARY 


a ^ ^ a 

y 8 € y fi 


Veronal-Citrate Buffer pH 8.2, r/2 0.1 

Fig. 1. WholeJPiJiBnia 

In an ideal electrophoresis the ascending and descending boundary 
patterns are symmetrical. Longsworth has suggested (7) that a ratio 
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of the maximum refractive index gradient in the descending albumin 
boundary to that in the rising albumin boundary furnishes an index 
of this symmetry, the ideal case approaching unity. In the final column 
of Table I, that ratio is given for each experiment. 

For each plasma component obtained electrophoretically in this 
study, the mobility, m, is given in Table I. 


TABLE I 
Whole Plasma 


Buffer 

pH 

r/2 

KbXIO* 

.^Llbumin 

oti 

a* 


4> 

y 


m 

per 

tent 

m 

per 

cent 



m 

per 

cent 

m 

per 

cent 

m 

per 

cent 

metry 

Phosphate 

7.7 

0.2 

6.72 

5.31 

38.3 



3.94 

18.8 

8.15 

13.2 

m 

11.9 

1.75 

17.8 

.59 

Phosphate 

7.7 

0.2 

6.72 

5.33 

37.9 



3.96 

18.8 

3.16 

13,6 

2.58 

11.9 

1.75 

17.8 

.59 

Veronal 

S.S 

0.2 

8.06 

5.39 

30.5 

4.45 

4.0 

3.81 

18.7 

2.96 

8^5 

2.4.5 

20.8 

1.68 

17.6 

.82 

Veronal 

8.8 

0.2 


5.38 

30.5 

4.42 

4.1 

3.59 

18.9 

2.96 

8.5 

2.40 

21.2 

1.63 

iVffl 

.87 

Veronal 

ESI 

0.1 

3.11 

6.28 

34.4 

5.21 

3.9 

4J20 

18.0 

3.45 

7.5 

2.67 

21.6 

1.79 

14.7 

.93 

Veronal 

8.6 

0.1 

3.11 

6.28 

33.5 

5.23 

4.2 

4J20 

19.1 

3.44 

7.7 

2.69 

20.8 

1.82 

14.7 

.91 

Veronal- 

















oitrate 

8.2 

0.1 

2.71 

6.50 

36.5 

5.38 

3.8 

4.47 

17.0 

3.73 

7.9 

2.88 

21.1 

1.86 

14.8 

.77 

Veronal- 

















dtrate 

8.2 

0.1 

2.71 

6.66 

38.7 

5.50 

4.5 

4.67 

1 

17.8 

3.78 

7.7 

2.99 

19.2 


14.3 

.89 


* Symmetry for albumin only. 


A sample of fresh swine serum was studied in phosphate, ionic 
strength 0.2, and veronal, ionic strength 0.1, buffers under the same 
conditions used in the plasma analysis. The percentage concentration, 
and mobility, ni, of each resolved component are given in Table II 


TABLE II 
Serum 


Buffer 

pH 

IV2 

KbXIO’ 

Albumin 


a* 


0t 

y 

m 

iur 

rent 

m 

per 

rent 

m 

per 

e&it 

m 

per 

cent 

m 


m 

per 

cent 

Phosphate 

7.7 

0.2 

6.72 

0..61 

42.4 



4.11 

18.0 

3.22 

16.6 



1.81 

23.0 

Phosphate 

7.7 

0.2 

6.72 

5.59 

42.2 



4.18 

17.2 

3.26 

16.4 



1.83 

24.2 

Veronal 

8.6 

0.1 

3.11 

6.20 

38.9 

5.10 

3.4 

4.10 

19.2 

3.33 

8.3 

2.71 

12.9 

1.97 

17.8 

Veronal 

8.6 

0.1 

1 

3.11 


37.7 

5.10 

3.7 

4.10 

19.4 

3.37 

7.7 

2.78 

12.4 

1.93 

19.1 


for duplicate runs in each buffer. A typical boundary pattern in each 
solvent is shown in Fig. 2. 

The apparent concentrations of albumin, and os-, jS-, and y-globulins 
in phosphate, ionic strength 0.2, closely approximate the relative 
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percentages expected if one component, fibrinogen, equal to 12% of 
the total plasma concentration (as showm in Table I), is completely 
removed. No such correlation of the serum pattern and the calculated 
component concentrations can be made with respect to the apparent 
fibrinogen concentration of whole plasma in the veronal, ionic strength 
0.1, buffer. One less peak is anticipated in the serum pattern than is 
shown in the plasma pattern; due to the removal of fibrinogen, 
however, the veronal, ionic strength 0.1, buffer yields the same number 
of peaks, namely six, in both the semm and plasma patterns. It is 

ASCENDING BOUNDARY DESCENDING BOUNDARY 



Phosphate Buffer pH 7.7, r/2 0.2 



Veronal Buffer pH 8.6, r/2 0.1 


Fig. 2. Seram 

interesting to note that the component dcKignatcd as /Sa-globulin of 
serum in veronal, ionic strength 0.1, Tabic II, shows a relatively higli 
percentage concentration and has a calculated mobility approximating 
the mobility of the apparent fibrinogen, <#>, component of plasma in the 
same buffer, shown in Table I. 

The purpose of the electrophoretic analysis of the plasma and 
fibrinogen mixture was to test further the behavior of j82-globulin and 
fibrinogen in the two buffers. The electrophoretic purity of the fibrin- 
ogen in both buffers is shown in Table III and Fig. 3 . The results of 
the plasmflrfibrinogen mixture are given in Fig. 4 and Table III, 
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ASCENDING BOUNDARY DESCENDING BOUNDARY 



Phosphate Buffer pH 7.7, r/2 0.2 



Veronal -Citrate Buffer pH8.2,r/2 0.1 

Fig. 3. Fibrinogen 


Since the percentage concenti'ation of fibrinogen in whole plasma was 
found to be 11.9% in phosphate buffer, ionic strength 0.2, Table I, it 
can bo assumed that the fibrinogen contributed by the whole plasma 
to the plasma-fibrinogen mixture was equal to 10.8% of the total 
protein concentration. The actual fibrinogen contributed by the 70% 
pure fibrinogen fi-action (Table III) was equal to 7% of the total 

TABLE III 

Fibrinogen and Plasma-Fibrinogen 


Buffer 

pH 

1V2 

KbXIO’ 

» 

Albumin 

Ofl 



^ i 

i 

7 

m 

per 

cent 

m 

per 

cent 

m 

per 

cent 

m 

per 

cent 

m 

per 

cent 

m 

per 

cent 





Fibrinogen 

Phosphate 

7.7 

0.2 

6.02 

5.43 


m 

■ 

3.40 

6.9 

3.03 

8.7 

2.50 

60.6 

1.40 

4.3 

Veronal- 





mi 










1 

citrate 

8.2 

0.1 

2.60 

6.45 


■ 

■ 

4.17 

10.2 

3.64 

11.8 

2.84 

66.2 

1.76 

6.4 





Plasma and Fibrinogen 

Phosphate 

7.7 

0.2 

6.72 

5.25 

35.4 



18.87 

Mi 

3.18 

10.5 

2.58 

18.8 

1.62 

17.3 

Veronal 

8.6 

0.1 

3.11 

5.03 

30.1 

5.05 

4.0 


|17.2 

3.32 

7.3 

2.55 

26.5 

1.65 

14.9 























126 


VIEGIL L. KOENIG AND KATHARINE R. HOGNESS 


ASCENDING BOUNDARY DESCENDING BOUNDARY 


A A 



Veronal Buffer pH8.6, r/2 0.1 


Fio. 4. Plasma and Fibrinogen 

protein concentration of the mixture. Therefore, the anticipated 
percentage concentration of fibrinogen in the plasma-fibrinogen mix- 
ture was approximately 18%. The percentage concentration upon 
analysis was found to be 18.8 (Table III). Similarly, the anticipated 
percentage concentration of fibrinogen in the plasma-fibrinogen mix- 
ture in veronal, ionic strength 0.1, was calculated to be 25.6. The 
analysis of the mixture in that buffer gave a fibrinogen percentage 
concentration of 26.5. With respect to the /3-globuiin in the veronal, 
ionic strength 0.1, it is of interest that the apparent percentage 7.3, 
shown in Table III, corresponds with the 8% anticipat<^ concentration 
calculated in the above manner. 

Discussion 

In the electrophoresis of a protein mixture such as plasma, observed 
in a buffer series of increasing ionic strengths, Svensson (3) predicts a 
decrease in the relative concentration of the fastest component, 
albumin, and subsequent increase of the slower ones. Although our 
observations are limited, the comparison of swine plasma in veronal, 
ionic strei^hs 0.1 and 0.2, seems to confirm this, 
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The considerably higher percentage concentration attributed to 
albumin in phosphate, ionic strength 0.2, compared to the relative 
albumin concentititions in the veronal buffers of ionic strengths 0.2 
and 0.1, indicates that in phosphate buffer the ai-globulin is masked 
by the albumin peak. Longsworth (7) made a similar observation in 
phosphate, ionic strength 0.2, in a comparative study of human plasma. 

The appearance of a second /3-globulin component, /Sj-, in the 
electrophoretic pattern of swine serum in veronal, ionic strength 0.1, 
clarifies the apparent discrepancy in the relative concentrations of 
/3-globulin and fibrinogen in veronal buffers as compared to the 
phosphate, ionic strength 0.2, results. Since the /32-globulin in serum 
is shoiTO to migrate at approximately the same rate obseiwed for 
fibrinogen under the same experimental conditions, only the faster 
/3x-globulin component is resolved in the plasma patterns in veronal, 
ionic strengths 0.2 and 0.1. 

The results from the electrophoretic analysis of plasma to which 
fibrinogen had been added demonstitite that accurate recovery can be 
expected once the components are resolved and identified. 

The mobilities of the various components in each buffer checked 
remarkably well when plasma, serum and the fibrinogen sample were 
analyzed. 

The authors are indebted to Professor F. C. Koch and Dr. J. B. Lesh for their 
encouragement and helpful suggestions during this work. 

Summary 

Swine plasma and serum have been analyzed electrophoretically 
using phosphate, veronal and veronal-citrate buffers. 

The resolution of the |8-globuiin, fibrinogen and 7-globulin in 
phosphate buffer, ionic strength 0.2, was superior to veronal buffers; 
however, the resolution of the ai-globulin and albumin was superior 
in veronal buffers. It was also noticed that in veronal buffers two 
a-globulins and two /S-globulins were resolved; however, the second 
/3-^obulin migrated with the fibrinogen. In phosphate buffer only one 
a- and one /8-globulin were resolved with a possibility that ai-globulin 
migrated with the albumin. 

A significant difference in the percentage of albumin was noticed 
when the plasma was analyzed in veronal buffer, ionic strength 0.2, 
and veronal buffer, ionic strength 0.1, the latter giving a higher 
concentration. 
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Electrophoretic analyses of artificial mixtures of fibrinogen and 
whole plasma demonstrate that an accurate determination of concen- 
trations can be expected under the conditions used. 

Mobilities of the components were in good agi'eement. 
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Introduction 

Du Vigneaud and his associates (1) have observed that homocystine 
can replace methionine in the diet when choline or another source of 
labile methyl groups is available for the transmethylation of homo- 
cystine to methionine. Kohn and Hanis (3) have succeeded in *'train- 
ing’^ a strain of E. coli so that it requires methionine for growth. If this 
organism behaved like the mammalian system studied by Du Vigneaud 
(1), it should be able to methylate homocystine to methionine and 
thus allow the organism to grow. This report deals with our experi- 
ments with the above strain of E, coli attempting to induce the 
transmethylation of homocystine by choline and other methylating 
agents. The ability of vitamins and amino acids to affect trans- 
methylation in the presence of homocystine and choline was also 
studied. 


Experimental 

Through the courtesy of Dr. Raymond L. Roepke of the American Cyanamid 
Company a strain of E. coli (No. 15) which did not require methionine for growth 
and a vaiiant (No. 1-344) requiring methionine were obtained. The methionine- 
requiring strain was obtained by the procedure described by Kohn and Harris (3). 
The basal medium employed by us was a modified SG medium as described by 
Kohn and Harris (2). This medium consisted of 4 g. of NaCl, 2 g., respectively, of 
(NH4)j!HP04, KH2PO4, and glucose dissolved in a liter of distilled water. Instead 


* This investigation has been aided by a grant from the Josiah Macy, Jr., Founda- 
tion. 

** (Seorge Lieb Harrison Fellow and Manfred Wahl Fellow. 
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of using tap watei as a source of salts, 100 mg. each per liter of Fe(NH4)2(S04)2 • 6H20t 
MgS04, and CaCl2 were used. After adjusting to a pH of 7.2 the medium was filtered 
through paper. Since sterilization by autoclaving resulted in slightly caramelized 
medium containing some precipitate, we resorted to sterilization by filtration through 
a sintered glass filter which gave us a water clear medium. 

In the presence of the SG medium alone, no growth was observed wdth the 
methionine-requiring (M) strain. The parent strain, however, grew readily in this 
medium. Upon the addition of methionine, how^ever, the M strain grewr very readily. 
The minimum concentration of methionine required for growth w’-as about 10“* Af. 
Growth measurements w’ere made by reading the tiubidity of the cultures wdth the 
Klett-Summerson photoelectric colorimeter. 

Since E, coli tends to mutate or dissociate, individual vials of the organisms were 
lyophilized with milk. To obtain a culture, the contents of one vial were transferred 
into 6 ml. of extract broth. To eliminate any methionine contamination from the 
milk, one drop of the resulting suspension was inoculated in a fresh tube of extract 
broth. The organisms were then incubated for not more than 18 to 20 hours, centri- 
fuged, the supernatant discarded and the sediment suspended in 5 ml. of sterile 
distiUed water. One drop of this suspension was used for inoculation in all our experi- 
ments. Controls containing SG medium alone, as w'ell as tubes containing various 
dilutions of methionine, w'ere run along with each experiment to rule out the possi- 
bility of mutants. The observation period w^as from 24 hours to one week. 

No growth was observed when either homocystine or choline alone 
in concentrations from M to 10“^ M w’as added to SG medium. 
Nor was growth obseiwed when choline in dilutions from 10”® M to 
10"^ M was added to a constant amount (10”® M) of homocystine. 
In a few experiments concentrations of 10”®ilf homocystine and 
choline were also used without effect. In order to make sure that 
neither choline nor homocystine, either singly or together, were 
inhibitoiy to growth, control experiments with various concentrations 
of methionine were tried. No inhibition of growth was observed under 
these conditions. The possibility also presented itself that, even though 
methionine synthesis occurred, it was not sufficient to raise the 
concentration to the basal level (approx. lO”®^') for growth. Ac- 
cordingly several experiments were made using subminimal quantities 
of methionine (10”® M) in the presence of various dilutions of homo- 
cystine and choline. No grow^th was observed under these conditions. 
Experiments were also carried out to determine whether or not 
homocystine and choline contributed to growth in the presence of 
methionine in concentrations from 10”® M to 10”® Jlf. No augmentation 
of growth was observed. 

Other methylating agents such as betaine, sarcosine, creatinine and 
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creatine were tried in concentrations from 10“* M to 10“’^ M in the 
presence of 10"* M homocystine. No growth w'as obtained. 

As it was thought that vitamins might conceivably have some 
effect on transmethylation, inositol, pyridoxine, pantothenic acid, 
riboflavin, thiamin, nicotinamide, biotin, ascorbic acid, and vitamin 
K, both singly and together, in concentration of 1 to 2 y per ml., and 
0.5 y of L. casei factor per ml., were added to SG medium in the 
presence of a constant amount (10~* M) of homocj’stine and choline. 
No growth was obseiwed. 

Finally, an experiment was set up with a medium containing the 
following amino acids in il//30 phosphate buffer: alanine, valine, 
leucine, glycine, proline, hydroxyproline, aspartic acid, glutamic acid, 
phenylalanine, arginine hydrochloride, histidine hydrochloride, Ij'sine 
hydrochloride, tyrosine, tryptophane and cysteine hydrochloride with 
0.5% glucose.* This medium was similar to the synthetic medium 
previously employed by us in the study of the mechanism of action of 
sulfonamides on S. aurem (4). No growth occurred in this medium 
either alone or when both choline and homocystine were added in 
concentrations of 10“* M. However, on addition of 10“* M methionine, 
ample growth occurred. The addition of B complex vitamins in a 
concentration of 1 y per ml. as previously described, did not stimulate 
growth in the amino acid medium alone or when choline and homo- 
cystine were added. 


Discussion 

The results recorded above do not suffice to distinguish with finality 
between several irossible interpretations. It is possible that the M 
strain of E. coU cannot under any circumstances methylate homo- 
cystine to methionine, or indeed achieve transmethylation at all. 
However, such a conclusion would not be warranted without studying 
a much larger series of potential methylating agents under a variety 
of conditions. Other processes would also have to be taken into account, 

* Individual preparations of the above anuno acids, except tyrosiae, in concentra- 
tions of 0.01 M were added to SG medium and tested singly for their ability to cause 
the growth of the (M) strain. Isoleucine, norleucine, norvaline, serine and threonine 
were also tested in a similar fashion. Tyrosine was tested in a 2.5 X 10~* Jlf concen- 
tration. No growth was observed with any of these amino acids under these condi- 
tions. This affords evdence for the specificity of methionine in causing the growth 
of the (M) strain. 
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such as methylation in the course of lipoid, carbohydrate, nitrogen and 
sulfur metabolism. It is also interesting to note that Harris and Kohn 
(5), using the parent strain, were unable to .substitute homocystine 
and choline for methionine to demonstrate the antagonistic action of 
methionine against sulfonamides. 

It is also possible that additional growth factora may be necessary 
before the M strain of E. coli can methylate homocystine. In the 
mammal, transmethylation occurs on an exceedingly complex basal 
diet. The M strain, however, will grow in a very simple basal medium 
if supplemented with methionine. So far only choline or other methyl- 
ating agents have been implicated in the transmethylating mechanism 
of mammals. However, transmethylation, both in the M strain and in 
mammals, may conceivably require additional and as yet unrecognized 
factors. Since the M strain of E. coli grows rapidly in a simple medium, 
it might serve as a convenient tool in searching for such possible 
factora. 


StTMMABY 

It is concluded that, under the conditions of our experiments, a 
strain of E. coli requiring methionine for growth is not able to methylate 
homocystine in the presence of choline or other methylating agents 
nor does the addition of amino acids or vitamins make this reaction 
possible.* 


Refebences 
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3. Kohn, H. I., and Habris, J. S., J. Bad. 44, 717 (1942). 
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* Thanks arc due to Dr. Y. Subbarow of the Ledcrle Laboratories for a gift of 
L. casei factor, and to Dr. tVllliain Klias of John Wyeth and Bro. for a generous 
supply of pure homocystme and methionine. 


Book Reviews 


Human Biochemistry. By Israel S. Kleiner, Professor of Biochemistry and 
Physiology in the New York Medical College, Flower and Fifth Avenue Hospitals. 
The C. V. Mosby Company, St. Louis, Mo., 1945. 573 pp. Price $6.00. 

In general, two types of text books of biochemistry have been available. In the 
first, biochemistry is considered as a pure science, organic and physical chemistry 
are emphasized, and in the consideration of biological relationships, the human 
organism is no more important than the simplest form of living being. Such a book 
is often discouraging to medical students, who are at a loss to understand why a 
pure science should bo presented, when their instructors in the later years of the 
medical course are interested only in man, in clinical applications of biochemistry. 
The second type of text emphasizes the clinical aspects of biochemistry and rightly 
so. Such a text is, however, best suited to a student with a preclinical background 
in biochemistry and v^ith experience in all the preclinical sciences of the first two 
years of medicine. It is doubtful whether the first term or first year of the medical 
curriculum is the proper place for such teaching. 

“Human Biochemistry” represents a sincere attempt to avoid overemphasis 
either on pure biochemistry or the clinical point of view. The author has attempted 
to make available a fundamental chemical background, adequate for the proper 
undemtanding of the clinical work of the last two years of the medical curriculum, 
and at the same time to illustrate these fundamentals with examples chosen from 
clinical materials, illustrations which serve to make biochemistry alive to the student. 
This reviewer believes that, oven in a text for medical students, pure biochemistry 
needs no apology, but nevertheless realizes that too often the medical student 
clamors for the “practical” before he is adequately equipped with the fundamentals. 

The author is, on the whole, successful in his attempt to “humanize” biochemistry 
for the student of medicine. The clinical applications are, for the most part, well 
chosen and not beyond the understanding of the first year (first term, in many 
cases) student. If lh(' presentation suffers in its chemical aspects from such a treat- 
ment, many may feel that the (»nd sought justifies the means used. 

Helpful and unusual in recent texts in biochemistry is the extensive discussion 
(14 pages) of milk and lactation. The consideration of chemical characteristics of 
tissues in a single chapter (17 pages) before specialized metabolism in which these 
tissues arc concerned is taken up is also commendable. The weakest chapter is 
perhaps that relating to physiological oxidations, but the reviewer knows of no 
elementary text in which this subject is presented so that the student is adequately 
informed and interested. A satisfactory presentation of this difficult subject must 
be anticipated. 

It is to be regretted that typographic errors occur too frequently in this, the first 
edition of a useful book. The Henderson-Hasselbalch equation is referred to as the 
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Henderson-Hasselbach equation on page 26; the great German organic chemist is 
Fisher on page 96 and Fischer on the following page; thyroxine is spelled without 
the final E on page 96, although the correct spelling appears later on page 493 and 
in the index. Such errors, which are too numerous, are not serious but vexatious to 
the inexperienced student who uses the book. 

More serious is a tendency to equivocal statements in many places. Thus on 
page 89, we are told that gliadin is of poor nutritive value “because of its lack of 
lysine” and in the same paragraph that zein is “low in lysine.” The tabular data 
on page 107 show the non-inconsiderable amount of 1.3% of lysine in ^adin and 
no lysine in zein. 

Despite these errors which can be remedied in future editions, the author is to be 
commended for making available a text which is sure to hold the student interest 
and to lead him to explore further, perhaps the primary objective in a text. 

Howard B. Lewis, Ann Arbor, Michigan 

Bacteriology and Allied Subjects. By Louis Gershenpbld, Professor of Bac- 
teriology and Hygiene and Director of The Bacteriological Laboratories at The 
Philadelphia College of Pharmacy and Science in Philadelphia. Mack Publishing 
Company, Easton, Pennsylvania, 1945. v -f- 561 pp. 

The text diffem from the majority of books on bacteriology in that it covers a 
much wider field than most bacteriolo^cal text books. In addition to the usual 
range of subjects in bacteriology and immunology, there is a very considerable 
amount of work on animal parasites, insect control, and other pests of economic 
significance. In addition, more attention has been paid to laboratory techniques in 
various aspects of bacteriology and immunology" than is common in most bacterio- 
logical texts. The wide range of subjects covered has precluded as thorough a treat- 
ment of many subjects as might be vvished. However, it does bring together into a 
single text a wide variety of information winch will be of value to many individuals 
who are interested in the broad aspects of public health and sanitary control. 

The text is generously documented writh references which are in the main well 
chosen. Such references add materially to the value of the book for the general 
student. The text is, of course, dated by the inclusion of references. This serves to 
emphasize the fact that any text is out of date before it is published. This is particu- 
larly true in certain fields which are advancing rapidly, such as the field of antibiotics. 

The book should be valuable as a reference for all students in the wide field which 
it covers and should find ust' as a text in those institutions where a single course 
covers such a wide field. 

1. L. Baldwin, Madison, Wisconsin 

Bioenergetics and Growth. By Samuel Brody, Associate Professor, University 
of Missouri. Reinhold Publishing Co., New York, N. Y., 1945, xii 4- 1023 pp. Price 
$8.50. 

This encyclopedic work upon the basic biochemistry that underlies growth, 
maintenance and even aging of the animal body, should have an important place 
upon the bookshelf of all students of biology. Over two thousand references to the 
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literature indicate that the author has read widely and then woven an intricate 
background for his life research in this vast field. 

The work will have special value for nutntion students, food economists and 
scientists in medical and agi’icultural colleges. For the nutrition student it presents 
a condensed treatise upon the physiological chemistry of the better known species of 
animals. For the food economist it lays a scientific background for the optimum use 
of products of agriculture m feeding man and his domestic animals. 

The work will prove a revelation to the scientists in medical schools. Into their 
narrowly circumscribed field of physiology dealing mainly with the dog, cat, rat 
and man, the reading of Brody’s work will introduce the vast territories of bio- 
chemistry of herbivorous species. Brody has drawn extensively upon the conventional 
literature of the medical school but he has also covered the huge field of agricultural 
literature dealing with basic knowledge about the cow, the horse, the sheep and the 
rabbit. These latter are the forgotten species of comparative anatomy and physiology. 

The presentation throughout the text is concise and clear. This work is much 
easier to read than Brody’s host of bulletinb issued previously. Many of the graphs 
and illustrations have been reproduced from these bulletins. The graphs will prove 
difficult to all but the few rare souls who specialize in this field. The index is extensive 
but could bo much improved in future editions if it gave some means of learning 
facts about given species without reading the whole book. Thus the index does not 
even contain the words, **calf,” *^dog,” **shecp,” ^'rabbit” or “cow'.” However these 
are minor deficiencies in this impressive reviow\ 

C. M. McC.vy, Bethesda, Md. 

Outline of the Amino Acids and Proteins. Edited by Melville Saettun, Vice- 
President and Director of Research, Frederick Steams & Company. Reinhold 
Publishing Corporation, New York, New York, 1944. 251 pp. Price $4.00. 

The book consists of a brief editor’s preface, a foreword by Prof. C. L. A. Schmidt 
and twelve chapters and an appendix covering the following subjects in the order 
^ven: Discovery of the Amino Acids, Sahyun (28 pages); Proteins: Occurrence, 
Amino Acid Content and Properries, Schmidt (32); Protein Structure, Bull (11); 
Hydrolysis of Proteins, Sahyun (10); Synthesis and Isolation of Certain Amino 
Acids, Carter and Hooper (21) ; Methods of Analysis for Amino Acids and Proteins, 
Greenberg (37); Relation of Amino Acids and Their Derivatives to Immunity, 
Heidelberger (6) ; Relation of Amino Acids to Biologically Important Products and 
the Role of Certain Amino Acids in Detoxication, Quick (21) ; Metabolism of Proteins 
and Amino Acids, Cahill (18) ; Intermediary Metabolism of Individual Amino Acids, 
Cahill (20); Nitrogen Equilibrium and the Biological Value of Protein, Cahill and 
Smith (4); Amino Acids and Proteins in Nutrition, Womack and ICade (16); List of 
U. S. Patents Issued on Amino Acids and Related Organic Compounds, Laurence (8). 
An index of 7 pages is also included. The book ib well printed in readable t3rpe and 
compactly bound. The text is enlivened by the inclusion in appropriate places of 
• repi*oductions of amino acid crystals and photographs and biographical sketches of 
renowned protein chemists. 

For the most part the chaptei’s represent adequate and, within themselves, coherent 
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presentations of the fundamentals and the present state of our knowledge of each 
subject. Controversial issues, where they have not been avoided, have at least not 
been belabored. The chapters are thoroughly documented and accordingly represent 
valuable and readily accessible sources of the classical as well as the currently im- 
portant references on each subject. For this reason the book will be valuable for 
advanced students in protein chemistry and biochemistry and should serve admirably 
as a source book for advanced teaching in both fields. Although, admittedly, the 
book does not cover all phases of the subject nor attempt to treat any subject ex- 
haustively, the average protein chemist will find in the book much that is new to 
him in the chapters dealing with fields in which he is not actively engaged. Further- 
more, workers in many of the branches of biological science who are acquainted with 
the fundamentals of amino acid and protein chemistry but who require in their 
work a knowledge and understanding of the recent advances in these fields, should 
welcome this book. Readers who come within this category will find that the material 
presented in this book is not, in many instances, as timely as that provided in the 
periodic reviews. However, in contrast to such reviews, they will find that recent 
developments in each of the subjects discussed have not only been appraised and 
summarized by experts but that sufficient background information has also been 
presented to permit a more ready comprehension of the significance of the newer 
work. 

While a majority of the chapters are well wiitten, some discharge better than others 
the obligations set forth in their titles. This is particularly true of the last six chapters. 
Of the remaining chapters, the discussion of protein structure is particularly good 
since it concisely and accurately covers a controversial subject in a clear and engaging 
fashion. The chapter on the synthesis and isolation of certain amino acids is lucidly 
presented and its worth is augmented considerably by the inclusion of a summary 
of the best methods for the synthesis of the naturally occurring amino acids. The 
chapter on methods of analysis is comprehensive and logically presented with special 
emphasis upon the analytical methods used in medical biochemistry. Industrial 
protein chemists shoxild find the appendix a valuable check list for patents in the 
amino acid and protein field. 

In spite of its good points, the book falls considerably short of its intended purpose 
as stated in the foreword in that it does not appear to be “an elementary text tliat 
win serve as an introduction” to the chemistry of the amino acids, peptides and 
proteins. There are some who believe that an elementary text should begin at a 
point where the reader can grasp the initial concepts presented and then lead him 
by a progresivse series of simple and logical steps into the intricacies of the subject; 
that a deliberate attempt should be made to make the subject matter interesting 
as well as informative and inspirational as well as authoritative; that an elementary 
text should not require the student to delve too deeply for an understanding of the 
subject into a mass of references, many of which are more abstract, technical and 
hence less understandable than the material presented in the book. In the present 
volume the i ni t i a l chapters to which the beginner might look for the basic information 
to prepare him for an understanding of the more complicated discussions of protein 
chemistry to follow, were either never written or at least they were not included 
in the book. 


George W. Irving, Jr., Beltsville, Maryland 
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Physical Methods of Organic Chemistry. VoL I. Editor, Abnold Weussberger, 
Eastman Kodak Co. Interscience Publishers, Inc., New York, N. Y., 1945. vii -f 
736 pp. Price $8.50. 

Descriptions of methods for measurement of physical constants of organic com- 
poimds are widely scattered in the literature which includes many books devoted to 
special aspects of the subject. This volume and its companion, which is soon to appear, 
are designed to give a modem treatment of the entire field without being handbucher. 
The Editor and authors alike thus had to struggle between Scylla and Charybdis as 
so well expressed by J. M. Sturtevant in his article on calorimetry; “The subject of 
calorimetry is very extensive, and its techniques are usually quite involved. It is 
therefore not possible to present here a complete discussion of the topic. ... It is 
hoped that, ... the discussion will be found to be sufficiently detailed, and the 
references to the literature sufficiently inclusive, so that a prospective experimenter 
wiU not have great difficulty in starting the process of training and equipping himself 
for calorimetric work.” 

Subjects treated, the number of pages in the section, and authors are: 

Melting and Freezing Temperatures (46) E. L. Skau and H. Wakeham. 

Boiling and Condensation Temperatures (22) W. Swietoslawski 

Density (38) N, Bauer 

Solubffity (28) R. D. Void and M. J. Void 

Viscosity (14) H. Mark 

Surface and Interfacial Tension (53) W. D. Harkins 
Parachor (9) G. W. Thomson 

Properties of Monolayers and Duplex Films (42) W. D. Harkins 

Osmotic Pressure (24) R. H. Wagner 

Diffusivity (34) A. L. Geddes 

Calorimetry (124) J. M. Sturtevant 

Microscopy (96) E. E. Jelley 

Crystal Form (30) M. A, Peacock 

Crystallochemical Analysis (24) J. D. II. Dounay 

X-Ray Diffraction (36) I. Fankuchen 

Electron Diffraction (32) L. 0. Brockway 

Refractometry (84) N. Bauer and K. Fajans. 

The general plan of each article includes a short treatment of underlying theory, 
description of apparatus, and procedures followed. Each author is long experienced 
in his field and a reader moderately familiar with the subject will find many useful 
hints and tricks. Duplication is avoided and related articles such as the four, Micro- 
scopy, Crystal Form, Crystochemical Analysis and X-Ray Diffraction, are well 
integrated. 

Methods described are generally those of high accuracy requiring large amounts of 
a compound. Approximate and micro methods so commonly used in organic work are 
usually not treated. The articles on density and refractometry, which are among the 
several including such methods, contain useful tables giving usual accuracy attained 
and amounts of material required. 

The book is recommended to physical and organic chemists who might wish to get 
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an up-to-date treatment of a particular subject within the limits of the title or be- 
come familiar with the broad field in order better to interpret the significance of 
physical constants. An immense amount of effort went into the work which for the 
greater part bears the mark of considerable originality and in no sense is a mere 
rehash of other publications. 

Sterling B. Hendricks, Beltsville, Md. 

Frontiers in Chemistry, Volume IV, Major Instruments of Science and Their Appli- 
cation to Chemistry. Edited by R. E, Burke and Oliver Grummitt. Interscience 
Publishers, Inc., New York 1945, 151 pages, $3.25. 

“Frontiers in Chemistry” is a serial publication composed of lectures delivered at 
Western Reserve University by distinguished scientists from industrial and university 
laboratories on subjects closely related to chemistry. Volume IV, “Major Instruments 
of Science and Their Application to Chemistry,” is a collection of six two-hour lec- 
tures dealing with electron diffraction, electron microscopy. X-ray diffraction, emis- 
sion spectroscopy, absorption spectroscopy and infrared spectroscopy. The essays are 
apparently intended to introduce chemists to the general principles and the potential 
usefulness of these physical specialities. A brief subject index is found at the end. 

Chapter I, “Electron Diffraction and the Examination of Surfaces,” by Dr. Lester 
H. Germer of the Bell Telephone Laboratories, contains a very brief treatment of the 
fundamentals of the experimental technic, a consideration of the fields of usefulness 
of electron diffraction, and a discussion of the structure of very small particles and 
very thin films. The similarity to and the important differences from X-ray diffraction 
are brought out clearly. 

The second chapter, “The Electron Miscroscope and its Applications” by Dr. L. 
Marton, Associate Professor of Electron Optics at Stanford University, begins with 
an elementary description of the physical principles involved in electron microscopy. 
An informative section on the construction of the microscope follows. The final 
section of the essay deals with selected applications of the electron microscope. The 
preparation of specimens, studies on colloids and on plastics, chemical reactions 
observable in the microscope, and researches with metals and with biological materi- 
als are considered. A relatively extensive bibliography is appended. 

Dr. Maurice L. Huggins, research chemist with the Eastman Kodak Company, is 
the author of Chapter III, “X-ray Diffraction and its Applications.” An elementary 
exposition of the basic principles and of the general experimental procedures intro- 
duces the subject adequately. A courageous rationalization of the complex methods 
of structure projection is presented. Applications other than structure determina- 
tion are given consideration. The last pages of the chapter are devoted to specific 
treatments of the structures of typical elements, of simple inorganic compounds, of 
complex inorganic compounds and of some organic compounds. The essay is bounti- 
fully illustrated with diagrams and photographs. 

Chapter IV, “Chemical Spectroscopy,” is written by Professor Wallace R. Erode 
of the Ohio State University. This chapter deals with the emission spectra of the 
elements and their application to qualitative and quantitative analysis. An elemen- 
tary discussion of the nature of radiant energy serves as an introduction. This is 
followed by a brief consideration, at the qualitative level, of the atomistics of spec- 
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trum development. A more detailed discussion of the application to qualitative 
chemical analysis and a still more detailed treat ment of quantitative analysis con- 
le the chapter. This essay is also well illustrated with diagrams, photographs, and 
tables of data. 

The same author prepared the fifth chapter, “Application of Absorption Spectra to 
Chemical Problems.” No mention is made of the experimental technic, but the 
methods of describing the data are considered briefly, The rest of the chapter is de- 
voted to a discussion of the absorption of characteristic resonating units or chromo- 
phores, to the damping effects of solvents and of groups within the resonating mole- 
cule, and to the effect of conjugation. The usefulness of absorption spectroscopy for 
structure determination and for the qualitative and quantitative analyses of certain 
compounds is mentioned briefly. 

The final chapter, “The Infrared Spectrometer and its Application,” is written by 
Dr. R. Bowling Barnes, Director of the Physics Division of the Stamford Research 
Laboratories of the American Cyanamid Company. The essay is begun with a very 
interesting historical treatment of infrared reseaivh. This is followed by a brief 
description of the electromagnetic spectrum and by a more detailed discussion of the 
oscillations responsible for the infrared spectrum. Experimental apparatus and 
technics are described adequately for the non specialist. The remaining pages are 
devoted largely to the discussion of typical applications in quantitative and qualita- 
tive chemical analysis. 

Considered individually, no one of the six essays falls short of excellence. The six 
chapters have one feature in common; they are not intended for the specialist. Some 
of them will be valuable to the student who wishes to grasp fundamental principles, 
and others will be particularly useful to the researcher who wishes to assess the ap- 
plicability of a technic. However, few of the chapters fill both of these needs and the 
collection as a whole does not completely fill either. In spite of this limitation, the 
book is a valuable addition to the chemical literature and can be recommended 
heartily for the partial satisfaction of the requirements of many readers. 

Max A. Latjppbe, Pittsburgh, Pa. 

The Chemistry of Cellulose. By Emil Heuseb, The Institute of Paper Chemistry, 
Appleton, Wisconsin. John Wiley and Sons, Inc., New York, 1944. iv -f- 660 pp. 
Price $7.50. 

This book is indeed a valued addition to the vast literature on cellulose chemistry. 
It has manifold application in the field of cellulose, for it may serve as a useful text 
and reference for both the student and teacher in carbohydrate, paper and wood 
chemistry and it likewise will be of value to the research worker. Its usefulness as a 
reference text is manifest by its comprehensive bibliography which includes more 
than 2270 references. 

The book is divided into fifteen chapters. The first chapter is a brief introduction 
and discusses the occurrence and nature of cellulose. Chapter II deals with the micro- 
scopic and submicroscopic structure of cellulose fibers and the formation of cellulose 
in plants. Chapters III, IV, V and VI are extensive presentations of the reactions of 
cellulose with water, aqueous alkalies, organic bases, ammonia, salt solutions and 
cuprammonium hydroxide. Chapters VII, VIII and IX are concerned with derivatives 
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namely cellulose esters, xanthates and ethers. Chapters XII and XIII deal 

with the decomposition of cellulose by oxidation, acids, heat and biological processes. 
The final two chapters, XIV and XV, present studies of the chain structure . ^ 
molecular weight of cellulose. 

The subject matter is largely treated from the chemical point of view and the 
author has likewise included hypotheses and conclusions based on his many years of 
research in this field. Many unsolved problems in cellulose chemistry are included 
which are of interest to the research worker. 

On the whole, any criticism of the book may be considered quite minor. Thus on 
page eight the author seems to prefer the definition of hemicellulosc as that portion of 
a plant material which is soluble in cold sodium hydroxide solution of 17-18% (by 
weight). In the light of much recent research on hemicellulosc, it appears that most 
investigators prefer to accept the use of hemicellulosc as a gi*oup term for the non- 
cellulosic carbohydrates of the cell walls of plants and w'ood because it entails less 
confusion. Further, on page nine the author states that besides lignin, wood tissue, 
depending upon the species, contains numerous other noncellulosic components such 
as tannins, phlobaphenes and resins. In view of the large amount of information 
available and the many industries which arc based on the extractives obtained from 
wood such as olcorsin, wood rosin, tall oil and destructive distillation, it would appear 
that the author^s treatment of the noncellulose constituents in wood is inadequate. 
Also it w^ould seem that a text book on the chemistiy of cellulose should include more 
information on the various methods used in the preparation of cellulose. 

A single author who assumes the responsibility of prepaiing such an adequate text 
on cellulose chemistry is to be commended. It deals skillfully with the main facets of 
the chemistry of cellulose. 


Arthur B. Anderson, Portland, Ore. 
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Introduction 

Recently it has been demonstrated that oxybiotin, the oxygen 
analogue of biotin, can replace biotin in the nutrition of certain 
microorganisms (1). It was of interest, therefore, to investigate the 
ability of this compound to replace biotin in the nutrition of higher 
animals. In view of the relatively high specificity of other dietary 
essentials in the animal body, oxybiotin would not be expected to be 
capable of replacing biotin. The chick is a suitable animal for such 
experiments because of the ease and rapidity with which deficiency 
symptoms can be developed (2 to 3 weeks, in contrast with 6 to 9 
weeks in tte rat). The present paper reports experiments demon- 
strating that oxybiotin can replace biotin in the nutrition of the chick. 

ExPEiaMENT.\.L AND RESULTS 

Day-old Wlxite Legliom cockerels were used throughout this study. 
Groups of 5 chicks each were placed in screen bottom cages in an animal 
room maintained at about 80°F. and given the experimental ration 
and water ad libitum. The basal diet, a modification of a ration previous- 
ly used for biotin studies with the chick (2), consisted of dextrin 66%, 
Labco vitamin-free casein 30%, salts 6% (3), fortified com oil® 
2%, Mazola 3%, solubilized Liver Fraction L * 2%, and glycine 2%. 
To each kilo of ration were added thiamine 8 mg., riboflavin 15 mg., 
pyridoxine 15 mg., calcium pantothenate 60 mg., nicotinic acid 100 mg., 

* CJontribution No. 578 from the Department of Chemistry, University of Pitts- 
burgh. 

Aided by a grant from the Buhl Foundation of FittsburgL 

A preliminary report of these studies appeared in Arch. Biochem. 7, 393 (1945). 
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inositol 1 g., and choline chloride 2 g.^ To insure the development of 
a severe biotin deficiency, dried raw egg white was substituted for 
dextrin to make 10 % of the diet for one group. In addition, a com- 
mercial chick ration ^ mixed to contain 15% of the egg white was 
used for several experiments. (One group received the unsupplemented 
commercial ration to serve as normal controls.) Symptoms and weights 
were recorded weekly. After two weeks, 20% of the chicks receiving 
diets containing egg white (Table I) showed deficiency symptoms, 
while those receiving the basal ration alone did not show symptoms 
until the end of the third week. The development of deficiency symp- 
toms in chicks fed Diets 2 and 7 was comparable, although the growth 
of Group 7 chicks was somewhat superior. 

The growth, survival, and symptomatology observed in prophylactic 
experiments with biotin-® and oxybiotin-supplemented diets are sum- 
marized in Table I. No deficiency symptoms were developed by any 
of the chicks receiving either biotin or oxybiotin even at the lower 
levels. In contrast, all of the surviving control animals showed definite 
deficiency symptoms. 

In a therapeutic experiment, the 12 most deficient animals from 
Diet Groups 2 and 7 were separated after 25 days into comparable 
groups of 6 each and injected intramuscularly every other day with 
either 4 7 of d-biotin or 8 7 of di-oxybiotin. Within one week the 
mandibular lesions had disappeared completely and some healing of 
the feet was noted. After three weeks the hard, scaly, cracked skin 
on the bottoms of the feet had sloughed off, leaving soft normal skin. 
At this time edema was still evident in some of the segments of the 
toes of these chicks. Oxybiotin was as effective in curing deficiency 
symptoms as biotin Avhen injected at these levels. During the therapy 
period the control animals gained an average of 51 g., the oxybiotin 
animals 100 g., and the biotin animals 187 g. 

Additional deficient chicks after 40 days on Diets 2 and 7 were 
divided into two comparable gi’oups and these were injected intra- 

* To 250 g. of Mazola were added 1 g. a-tocopherol, 125 mg. 2-methyl-l,4-iiaphtho- 
quinone and 10 cc. Natola. The Natola, kindly furnished by Parke, Davis Co., 
Detroit, supplied 55,000 U.S.P. units of Vitamin A and 11,000 U.S.P. units of 
Vitamin D per g. 

® Supplied through the courtesy of Dr. David Klein, Wilson Laboratories. 

< These vitamins were donated by Merck and Company. 

* Purina Chick Startena purchased from a local feed store. 

® Kindly supplied by Dr. Karl Folkers, Merck and Co. 
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muHCularly on alternate days with either 2 7 of d-biotin or 4 7 of 
c/Z-oxybiotin for a three-week period. At this lower level the biotin 
animals showed growth response and disappearance of deficiency 
symptoms equivalent to those at the, higher injection level, but the 
oxybiotin animals failed to respond to this therapy. Apparently 4 7 

TABLE I 


Growth and Deficiency Symptoms of Chicks Fed Oxybiotin or Biotin 





21 Days 



40 Days 


Diot 

No. 

Diet and bupplcmont* 

(per 100 g. lation) 

No. of 
ChivW 

Av. Wt. 

Symptoms* 

No. of 

Av. Wt. 

Symptoms 



Gam 

Feet 

Beak 

Chicks^ 

Gain 

Feet 

Beak 

1 

Basal 

19 

V. 

55 

le-*- 

16^ 

15 

a- 

no 

24+ 

18** 

2 

Basal + 10 g. egg white 

20 

69 

39*- 

33+ 

83 

112 

15+ 

11 + 

3 

Basal + 10 7 d-biotin 

9 

58 

0 


8 

157 


0 

4 

Basal 4 “ 20 7 d-biotin 

9 

86 

0 


9 

218 


0 

5 

Basal + 20 7 dZ-oxybiotin 

8 

50 

0 

0 

8 

129 


0 

6 

Basal + 40 7 dZ-oxybiotin 

9 

58 

0 

■a 

8 

120 


0 

7 

Commercial diet + 15 g. 
egg white 

10 

94 

23+ 

22+ 

6^ 

158 

11+ 

11+ 


1 Number indicates survivors from original groups. Twenty chicks started on 
diet&L 1 and 2; 10 chicks started on all other diets. 

* Number reported is sum of individual scores; symptoms scored as follows: 

0 — ^normal feet or beak. 

— ^first open lesion on feet, first incrustation around beak. 

2+ — more lesions of increased severity; moderate incrustation around beak. 

S’* — deep hemorrhagic lesions of feet; heavy incrustation around beak. 

3 Eight chicks removed for therapy experiment after 25 days. 

^ Four chicks removed for therapy experiment after 25 days. 

of dZ-oxybiotin every other day are insufficient to bring about the 
cure of these severe deficiency symptoms. 

The 15 deficient chicks surviving after 40 days on Diet 1 were 
separated into 3 corresponding groups. (Only about half of this group 
had developed symptoms as severe as those induced by the diets 
containing egg white.) Five chicks were continued as controls and 5 
were transferred to each of the diets containing the lower levels of 
biotin and oxybiotin (Diets 3 and 6) for a period of 4 weeks. The 
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biotin group of animals showed almost complete cui-e of symptoms, 
while the oxybiotin group was only partially cured. For this intei-val 
the control animals gained an average of 74 g., the oxybiotin animals 
111 g., and the biotin animals 162 g. 

For the quantitative evaluation of the relative activity of biotin 
and oxybiotin. Diet 7 was fed to a second lot of cockerels. After one 
week the surviAung chicks were divided on a Aveight and growth basis 
into 9 comparable groups, one of which consisted of 10 animals retained 
as negative controls. Four groups of 9 chicks each were injected 
intramuscularly every other day for 4 Aveeks AAuth 0.2 y, 0.6 y, 1.2 y, 
and 2.0 y of d-biotin, respectively. In like manner, 2 7, 4 y, 8 y, and 
12 y of dl-oxybiotin Avere administered to groups of 9 chicks each. 
Table II contains a summary of the average growth response to the 
A’^arious levels of biotin and oxybiotin. 

Discussion 

The complete absence of deficiency symptoms in those chicks 
receiving the oxybiotin supplemented rations (Diets 5 and 6) provides 
a striking demonstration of the activity of this compound in the 
animal body. Oxybiotin AFill prevent the development of deficiency 
symptoms at a dietary level insuflicient to produce a significant 
growth response (see Table I) in accord with general experience with 
vitamins. Although 20 y of dZ-oxybiotin per 100 g. of ration Avere 
completely effective in preventing the development of deficiency 
symptoms, this level permitted only a slight improvement during a 
period of 4 weeks in chicks already severely deficient. For therapy 
by intramuscular injections, 8y of dZ-oxybiotin on alternate days 
were completely curative, Avhereas 4 y Avere without effect. Apparently 
8 y are near the minimum curative dose, although the lower dosage 
was tested on animals after a longer deficiency period and, therefore, 
the two tests were not entirely comparable. Since 2 y of d-biotin were 
curative under these conditions, the relative activity of dZ-oxybiotin 
in curing deficiency symptoms approximates no more than 26% of 
that of d-biotin. 

During these therapy experiments it was consistently observed that 
the mandibular lesions responded more rapidly than the lesions of the 
feet. In addition to these general symptoms some other abnormalities 
were observed. Of 41 a nim als on deficient diets for three or more weeks. 



OXYBIOTIN ACTIVITY IN THIS CHICK 


145 


28 exhibited some degree of “curled toe” and 13 developed “slipped 
tendon.” A number of chicks showed improvement of the “curled 
toe” condition during Ihcrapy wth either biotin or oxybiotin. 

In general, a growth response procedure is more suitable for assay 
purpases than prevention or cure of deficiency symptoms, because 
growth can be accurately measured and the assay is not dependent 
upon subjective evaluation of symptoms. The satisfactory development 
of deficiency symptoms and the relatively uniform growth response 
of chicks fed the Startena plus egg white ration in previous experiments 
suggested the use of this diet for assay purposes. The close agreement 

'I’ABLE II 

(iHiwlh Regpome Dining Agt.ay of Oxybiotin 


No. of 

Av. (ji-owlh 
( V)ntn)l Period 


Av. Growth 
Assay Period 

Survive )rb 

(One Week) 

J)ohag(‘ 

(Pour Weeks) 



riday 


7 

28 

0.3 d-biotiu 

176 

8 

27 

1.0 (//-oxybiotin 

188 

8 

24 

0.3 (/-biotin 

220 

7 

28 

2.0 (//-oxybiotin 

226 

8 

24 

0.6 (/-biotin 

242 

8 

24 

4.0 (//-oxybiotin 

254 

0 

26 

1.0 (/-biotin 

273 

8 

26 

6.0 (//-oxybiotin 

267 

7 

27 

controls 

120 


in growth response of the paii'od groups used in this experiment 
(Table II) provides an excellent basis for an accurate measure of the 
relative biological activity of dt-oxybiotin and d-biotin. In Figure 1 
the average net growth of the various groups has been plotted from 
the second through the fourth week of the assay period (i.e., the 
average growth of each gi-oup during this interval minus the average 
growth of the control group). If the quantities of dl-oxybiotin required 
for gains in body weight equal to those produced by 0.05 y, 0.1 y, 
0.2 7 , 0.3 7 , and 0.5 y of d-biotin are estimated from these curves, 
the average relative activity of dZ-oxybiotin is found to approximate 
17% of that of d-biotin. 
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The gi’aded grow th response with increasing dosage of oxybiotin is 
additional proof of the ability of the chick to utilize oxybiotin in its 
nutrition. Either oxybiotin is transformed into biotin within the 
organism or oxybiotin itself can perform the functions normally 
carried out by biotin. Some microorganisms utilize oxybiotin as such 
(4), but there is no evidence as yet to indicate whether oxybiotin is 



Difference Between the Average Growth of the Control Group and the Average 
Growth of Each Experimental Group from the Second Through 
the Fourth Week of the Assay Period 

transformed into biotin by the chick. This question is being investi- 
gated at the present time. Regardless of how oxybiotin is utilized, 
these experiments provide the first example of the replacement of a 
sulfur-containing compound essential in animal nutrition by its oxygen 
analogue. 


Summary 

Oxybiotin can prevent or cure the symptoms of biotin deficiency 
in the chick. 

Upon the basis of growth response, dJ-oxybiotin has approximately 
17% of the activity of d-biotin in the chick. 
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Introduction 

The importance of cobalt as a “trace” element in the diet of live- 
stock is indicated by the fact that diseases apparently attributable to 
cobalt deficiency have been reported in Florida, Michigan, Massa- 
chusetts and New Hampshire as well as in other countries, including 
New Zealand, Australia, New South Wales, Africa, the United King- 
dom and Canada. The present status of knowledge in regard to cobalt 
metabolism has been reviewed by Russell (1), McCance and Widdow- 
son (2) and Huffman and Duncan (3). It is evident that little is 
known concerning the role of cobalt in nutrition and its behavior in 
the animal body. 

The cobalt requirement and retention in the a.niTina.1 tissues are so 
small that the physical and chemical methods of analysis have not 
been adequate to solve the many fundamental and practical problems 
involved. It has been necessary, therefore, to turn to the use of radio- 
active isotopes. This technique yields the basic information that 
chemical analysis has been able to supply in the case of other nutri- 
tionally important substances and, moreover, it is inherently suited 
for investigating the interrelationships and overlapping factors in 
mineral metabolism. In 1941 Copp and Greenberg (4) showed the 
tissue distribution and excretion of labeled cobalt using two rats on a 
stock laboratory diet; the cobalt was administered to one rat by 
stomach tube and to the other by intraperitoneal injection. These 
workers precipitated the cobalt as the sulfide and made the radio- 

♦ This research was suppoitod by the General Education Board of New York. 
Published with the permission of the Director of the Fbrida Agricultural Experiment 
Station. 
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activity measurements on this precipitate. In 1943 Greenberg, Copp 
and Cuthbertson (5) demonstrated the appearance of labeled cobalt 
in the bile, urine, feces and liver of bile-fistula rats reared on a stock 
diet. 

Although it has been established that cobalt is essential for ruminants 
there is no clear cut evidence that this element is required by non- 
ruminant species. For this reason the work has been carried out using 
^‘tracer” experiments with cattle as well as with rats. This paper 
reports procedures developed for the quantitative determination of 
radioactive cobalt, by means of which large numbers of diversified 
samples can be handled, and presents obser\’'ations on the fate of 
cobalt administered to rats and cattle. 

Experimental 

Radioactive Material: The radioactive cobalt was supplied by the Massachusetts 
Institute of Technology — Radioactivity Center and was prepared by bombardment 
of iron with deuterons. It was obtained as a purified solution of cobalt chloride and 
consisted of a mixture of three cobalt isotopes ranging from 65 to 270 days half life 
with the average falling near 80 days. 

Two preparations have been received to date for use in this work: Sample 1, con- 
tained 9 mg. cobalt as cobalt chloride with an initial specific activity of 267 y radium 
gamma-ray equivalent per mg. Sample contained 6.45 mg. cobalt as cobalt chloride 
with an initial specific activity of 3303 y radium gammarray equivalent per mg. In 
the case of Sample 1 our measurements were sensitive to 0.004 y cobalt 45 days after 
its preparation; with Sample 2 the sensitivity was 0.0006 y cobalt 20 days after its 
preparation. Since the sensitivity varies with the preparation employed and its age, 
the corresponding value has been given for each set of data presented. 

Preparation of Tissues: As quantitative measurements are desired, it is necessary 
that all the radioactive material in a given sample be brought into a reproducible 
position with respect to the window of the counter tube. This may be done by 
ashing the sample, brining the cobalt into solution and quantitatively electroplating 
the metal onto a copper disk which is used for the actual measurement (6). These 
disks are filed for future reference and can be measmed as often as desired until such 
time as the activity is reduced to a low value. Thus, a sot of standard disks can be 
used for calibration purposes over relatively long periods of time. 

The following procedure has been found satisfactory for handling most animal 
tissue samples of 50 to 76 g. or less. The samples are collected in tared porcelain 
crucibles and, after immediate weighing, are dried at 103®C. so that concentrations 
can be calculated on the fresh and dry wdght basis when desired. To act as a carrier, 
1 ml. of a cobalt chloride solution containing 10 mg. inert cobalt is added. After the 
addition of a few drops of 1 :1 nitric acid the samples are ashed at 600°C. for several 
hours. When filter paper is used, as for the collection of urine, the paper is burned off 
dowly before the ashhag. The is dissolved in 2 iV hydrochloric acid. It was found 
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necessary to boil the ash in acid for at least two hours, or until the solution was clear, 
to avoid incomplete recoveries. The acid solution is then transferred to a beaker and 
evaporated to dryness on a steam bath. Practically all of the acid must be removed 
at this stage to avoid inteiferenoe with the electroplating operation which is done in 
alkaline solution. 

The detecting equipment employed at the present time has no scaling circuit and 
it has been observed that the calibiation cuive is linear only up to a count of about 
400 per minute. It is, therefore, desirable that the amount of activity plated out be 
adjusted so that the measurement does not exceed this value. To determine whether 
the total sample can be used, or if an aliquot should be used, a preliminary measure- 
ment is made by placing the bottom of the beaker containing the dry residue close 
to the window of the counter tube and taking the count for 1 minute. The readue is 
then taken up in a minimum amoxmt of distilled water, and, using plating solution, 
is made to volume or transferred directly to the plating cell depending on the amount 
of activity contained. 

When the samples contain salts which precipitate in alkaline solution or when very 
large samples must be used, it is desirable to make a chemical separation prior to the 
electroplating operation. Satisfactory recoveries were obtained when the following 
method, according to Mollan (7), was employed. The sample is ashed and brought 
into solution as already described; this solution is evaporated almost to dryness and 
about 100 ml. of 5% hydrochloric acid are added. Then 10 ml. of o-nitroso-jS-naphthol 
solution (5 g. a-nitroso-i3-naphthol in 75 ml. glacial acetic acid) arc added and the 
mixture heated on a steam bath for an hour and then allowed to stand at room 
temperature for at least another horn*. The solution is filtered, the precipitate washed 
with water, the filter paper and precipitate placed in a porcelain crucible, and the 
ashing procedure and subsequent treatment carried out as already described. 

Care must be taken to avoid contamination of the samples or glassware with radio- 
active materials. It is recommended that the glassware be segregated into three 
groups, one set to bo used exclusively with material of high activity such as the 
original solutions, another set for samples expected to have a medium amount of 
activity such as excreta, and the other set to be used with samples which experience 
has shown to contain little or no activity. 

Electroplating of Cobalt: The body of the electrolytic cell is a piece of pyrex glass 
tubing with the ends ground square, 25 mm. outside diameter, 1.5 mm. wall thickness, 
and abotit 125 mm. in length. The cathode, which forms the bottom of the cell, is a 
copper disk 25.4 mm. in diameter (disks purchased from the Massachusetts Machine 
Company, Boston, Mass.). The disks are washed in petroleum ether, dipped in a 
solution of sulfuiic and nitric acids, rinsed thoroughly, dried, and kept protected 
from dust until used. The disk is fastened to the glass tube with Pyseal sealing wax 
which makes a leak-proof joint. The cell is mounted in a brass holder. 

The plating solution contains 100 g. ammonium sulfate, 180 ml concentrated 
ammonium hydroxide, and 6 g. ammonium hypophosphite per liter (6). About 30 ml. 
of this plating solution containing 10 mg. cobalt and the labeled cobalt to be plated 
out are used in the electrolytic cell. When the whole sample is used the total cobalt 
content is essentially 10 mg. since that amount of carrier has been previously added; 
when aliquots are used, however, a proportional amount of inert cobalt is added to 
bring the cobalt content to this value. 
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A Braun Electrolytic Outfit, which accommodates six cells, was found convenient 
for the plating operation although individual motor stirrers can be used. Platinum 
anodes serve as stirrers and the current is supplied by storage batteries and regulated 
by rheostats. Experiment has shown that practically complete recovery is attained 
bj*- plating at a cuirent density of 27 milliamperes per sq. cm. for 55 to 6 hours. 

Measurement of Radioactivity: The activity is measured with a Geiger- Mueller 
Counter Apparatus (No. 3 Combination with Type GLB-20 tube purchased from 
Herbach and Rademan, Inc., Phila., Pa.). The tube consists of a Nonex glass envelope 
with pyrex end and window: the window is approximately 0.0005 inch thick and 
the cylinder is 3 cm. in length and 1 cm. inside diameter. It operates at 800 volts. 
The tube is mounted on bakelite, and a holder provided so that the copper disk may 
be easily placed in a reproducible position with respect to the tube window. The 
holder is constructed .so that contact is made only with the edge of the disk, upon 
which no cobalt deposition occurs. 

The nSeasuring apparatus is located sufficiently far from the laboratories where the 
solutions are handled to avoid extraneous counts. The backgi*ound, due primarily 
to cosmic radiation, averaged 8 counts per minute for the set-up as described. It is 
necessary to determine the backgroimd count only about twice during the day. Each 
disk is usually measured for 15 minutes and net counts of 2 per minute or less are 
considered as not significant. The absolute radioactive cobalt content is obtained by 
use of standard disks which are prepared by adding known amounts of the radioactive 
cobalt solution to inert samples and carrying them through the regular procedure as 
already described. The calibration curve is then constructed by plotting the weight 
of cobalt against the count per minute. The half life of the cobalt isotopes is such 
that for practical purposes the calibration standards need be measured only every 
third day. 


Experimental Results and Discussion 

Excretion and Tissue Distribution in the Red: Inbred Piebald rats, 
6 to 9 months old and weighing 150 to 200 g., were used for this work. 
Some of the animals were reared on a mineral-deficient diet low in 
cobalt. This ration consisted of 70 g. white com, 15 g. casein, 3 g. 
Wesson oil, 0.24 mg. thiamin, 0.1 mg. calcium pantothenate and 0.15 
mg. riboflavin; it contained less than 0.06 p.p.m. cobalt as determined 
by analysis. The animals on the mineral-deficient diet did not grow 
as rapidly as those on the stock diet; however, this was probably due 
to a lack of factors other than cobalt. The stock diet contained 0.35 
p,p.m. cobalt. In general, pastures containing less than 0.07 p.p.m. 
cobalt produce deficiency symptoms in cattle, while pastures with 
more than 0.2 p.p.m. are found to be ‘^healthy’' (1). 

The animals were fasted for about 18 hours and the radioactive 
cobalt solution administered quantitatively by stomach tube. The 
cages were constructed of one-half inch mesh hardware cloth and the 
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excreta collected on filter paper. It was evident from the data that no 
detectable contamination of the feces or urine occurred when the 
collections were made in this manner. The animals were sacrificed by 
anesthetizing with ether and draining the blood by cardiac puncture, 
alter which the various organs and ti.s,sues were removed. 

Fig. 1 shows typical excretion curves where the rat was fed 26.4 7 
labeled cobalt. About 10% of the dose was rapidly eliminated in the 
urine, and about 80% appeared in the feces within five days, with most 
of the feces excretion occurring during the first 48 hours. Table I 



Fw. 1 

Excretion of Labeled Cobalt 

Inbred Piebald female rat, about 9 months old, weight 130 g. ; on tow mineral diet, 
26.4 7 labeled cobalt administered by stomach tube. 

presents average excretion values. In this experiment the feces and 
urine samples were collected until their cobalt content was no longer 
detectable, which was usually less than 0 days. The cobalt excretion 
was appai’ently not affected by the difference in diet. At the 2.2 and 
26.4 y levels about 90% of the dose was eliminated, while 70% of the 
extremely small dose of 0.02 y was excreted. This confirms the con- 
tention that the requirement of the rat for cobalt, if there is such, 
must be very small indeed. 

With many of the animals reported in Table I, as well as others, 
analyses for radioactive cobalt were made on the following tissues: 
thyroid, adrenals, reproductive tract, brain, eye, lymph glands, salivary 
glands, heart, blood, lung, trachea, kidney, bladder and contents, 
tongue, stomach and contents, small intestine and contents, large 
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intestine and contents, pancreas, spleen, liver, muscle, bone marrow and 
bones. With the exception of those organs containing cobalt destined 
for excretion, only the liver showed consistent accumulation. After 20 
hours the livers contained about 2% of the administered dose, after 
3 to 15 days about 0.1% was found and only infrequently was any 
labeled cobalt found in the liver 20 to 30 days after administration. 
In these experiments the level of administered cobalt ranged from 2 
to 30 y and the difference in diet had no apparent effect. 

Tissue Distnbution in Cattle: Cobalt metabolism in the ruminant is 
of utmost importance from both the practical and fundamental stand- 
point. For this work, range cattle, in poor condition, were brought to 

TABLE I 

Eictetion of Labeled Cohalt by the Ratj in Percent of Administered Dose 


No. of 


Diet 

Dose 

(7) 

animals 

Feces 

Urine 

Mineral-deficient 

26.4 

4 

87.3d=4.9' 

9.5±0.8 

Mineral-deficient 

2.2 

7 

81.8d=7.2 

7.0±2.0 

Stock 

2.2 

6 

82.7±9.5 

8.0 ifc 2.6 

Stock 

0.02 

2 

54.ldz0.7 

12.7±3.6 


* The mean value ± the mean deviation. 


Gainesville from an area in Florida considered deficient in some of the 
essential minerals. These animals were then fed on a ration consisting 
of redtop hay harvested from a low cobalt area, com grown on a low 
cobalt area, a protein supplement of dried skim milk, and a phos- 
phorus supplement of tricalcium phosphate. Analyses showed that 
this feed contained less than 0.01 p.p.m. cobalt. For about 0 months, 
under these conditions, most of the animals remained in poor condition 
and gave an appearance of emaciation, rough hair coat, and extreme 
weakness. The following animals urere used in the work reported here: 

Steer No. 1, about 2 years old, weight 250 lbs. 

Steer No. 2, about 2 years old, weight 230 lbs. 

Heifer No. 3, about years old, weight 195 lbs. 

Cow No. 6, about 5 years old, weight 300 lbs. 

The following procedure for the slaughter of the animals and 
handling of tissues has been found most convenient: The animal is 
stunned by a blow on the head and then suspended head down for 
complete bleeding from the jugular veins and carotid arteries, which 
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TABLE II 

Distribution of Labeled Cobalt in Cattle 10 Days after Administiatio 7 i, in y per 100 g. 

Fresh Weight 


Tissue 

Steer No. 1 
(1330 7 given 

Heifer No. 3 
(2400 7 injected 

orally) 

into jugular vein) 

Pituitary 

K 


Thyroid 

h 

0.64 

Thymus 

h 

0.087 

Adrenals 


3.1 

Reproductive organs 

► 

0.38 

Brain 

♦ 

0.20 

Eye 


0.11 

Lymph glands 

0.033 

0.76 

Hemolymph glands 

— 

{• 

Salivary glands 

— 

0.36 

Heart 

♦ 

0.34 

Blood 

A 

0.32 

Aorta 

*■ 

0.44 

Lung 


0.93 

Trachea 

4. 

0.62 

Kidney 

4- 

1.4 

Kidney fat 

0.051 

— 

Bladder 

41 

0.37 

Urine (not excreted) 

— 

1.2 

Tongue 


0.11 

Esophagus 

¥ 

0.64 

Abomasum 

0.013 

0.23 

Abomasum contents 

i. 

0.13 

Reticulum 

— 

0.24 

Reticulum contents 

— 


Omasum 

— 

0.20 

Omasum contents 

— 

* 

Rumen 

4> 

0.076 

Rumen contents 

4 


Small intestine 

0.030 

0,49 

Small intestine eonUmth 

0.047 

0.18 

Large intesline 

i> 

0.21 

Large intestine contontb 

(• 

0.12 

Pancreas 

4. 

* 

Spleen 

0.11 

0.54 

Liver 

0.27 

2.2 

Gall Bladder 

* 

0.67 

Bile 

V 

0.021 

Tenderloin muscle 

4. 

0.036 

Gastrocnemius muscle 

II. 

0.099 

Ligament (nuchal) 

n 

0.39 

Cartilage (costal) 

1. 

0.39 

Bone (femur) 

K 

0.088 

Red bone marrow (ribs) 

<«• 

0.78 

White bone marrow (long bones) 

4- 

0.21 

Teeth 

Ht 

0.050 

Radioactivity measurements made but amount in sample less than 0.01 7 . 
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are severed. A sample of blood for the activity measurements is ob- 
tained during the bleeding. The tissues and organs are then removed, 
care being taken to avoid contamination. The tissues and organs are 
weighed immediately upon removal and, when desirable, representative 
portions are taken* for the activity measurements; when there is any 
evidence of contamination, the samples are "thoroughly washed. In the 
case of the abomasum, reticulum, omasum, rumen, small intestine, 
large intestine, bladder and gall bladder, the contents are removed 
and weighed separately; the tissue samples from each of these organs 
are washed thoroughly to remove all traces of the contents. 

Table II shovs the effect of method of administration on the tissue 
distribution; the cobalt was given to one animal orally and to the other 
by injection into the jugular vein. In the former case the picture was 
much the same as in the rat, with very little cobalt being retained in 
the tissues and the greatest accumulation occurring in the liver which 
contained 0.25% of the administered dose. However, when the cobalt 
was injected there w^as a general distribution throughout the tissues, 
yet less than 5% of the administered dose was retained by the animal 
vith 1% being found in the liver. Marked accumulation occurred in 
the adrenals. 

It is interesting to note that, when the cobalt was injected, sig- 
nificant amounts appeared in the abomasum contents while none was 
found in the contents of the reticulum, omasum or rumen. This ob- 
servation is confirmed by the data in Table III, obtained from other 


TABLE III 

Appeal ance of Injected Labeled Cobalt in the Ruminant Stomach and 

Contents, in 7 


per 100 g. Ftcsh Weight 

Cow No. 6, Steer No. 2, 

Heifer No. 3, 


260 7 dose 

1330 7 dose 

2400 7 dose 


sacrificed 

sacrificed 

sacrificed 


after 2 hrs. 

after 24 hrs. 

after 10 dayb 

Abomasum 

0.31 

1.3 

0.23 

Abomasum contents 

0.39 

0.038 

0.13 

Reticulum 

0.19 

0.60 

0.24 

Reticulum contents 

0.00091 



Omasum 

0.12 

0.60 

0.20 

Omasum contents 

* 

4-t- 


Rumen 

0.16 

0.70 

0.076 

Rumen contents 

0.0038 

** 

** 


* Radioactivity measurements made but amount in sample less than 0.001 y. 
** Amoimt in sample less than 0.01 7. 
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animals which received cobalt injections and were sacrificed after 2 
and 24 hours. Note also that the abomasum was one of the few tissues 
containing any labeled cobalt after oral administration. The cobalt in 
the mmen contents of cow No. 6 probably reached there via the saliva, 
as other work, as yet unpublished, has shown that small amounts of 
injected cobalt are found in the saliva; this animal received no food 
or water after the injection so that there was no dilution of the rumen 
contents. Appreciable amounts of injected cobalt have been found to 
appear quickly in the bile and it is possible, although unlikely, that 
regurgitation of the bile might account for the activity in the abomasum 
contents. Whether or not the cobalt is actually secreted by the ab- 
omasum it is evident that significant amounts arc found in the ab- 
omasum contents and that very little injected cobalt finds its way into 
the contents of the other stomach compartments. It has been reported 
(2) that cobalt injection is apparently not as effective as oral adminis- 
tration in alleviating deficiency symptoms and suggested that the 
beneficial action of cobalt is localized in the rumen. This theory is not 
in disagreement with the data presented here. 

The writers wish to express apprecation to Drs. Robley D. Evans and John W. 
Irvine, Jr. for their cooperation in supplying the radioactive materials and to Dr. 
R. S. Glasscock for his assistance with the livestock phase of this program. 

Summary 

* 

1. Procedures for the use of radioactive cobalt in biological studies 
are presented. With the best preparation available so far, the initial 
measurements were sensitive to 0.0006 7 cobalt and samples as large 
as 600 g. have been used. 

2. When 2 to 30 7 labeled cobalt were administered orally to rats 
on a stock or low mineral diet about 80% of the dose was eliminated 
in the feces, 10% rapidly eliminated in the urine, and very little 
retained in the tissues, TOth only the liver consistently accumulating 
significant amounts. 

3. When cobalt was administered orally to a steer, very little was 
found in the tissues 10 days later; the largest amount was foimd in 
the liver which contained 0.25% of the administered dose. When the 
cobalt was injected into the jugular van of a hafer thae was a general 
distribution throughout the tissues; afta 10 days about 5% of the 
administered dose was retained by the animal with 1% being found 
in the liver. 
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4. Significant amounts of injected labeled cobalt appeared in the 
abomasum contents, Avhile none was found in the rumen, omasum and 
reticulum contents. 
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Introduction 

Studies on the aldehyde binding of amino acids and proteins (2, 6) 
and X-ray studies of the structure of proteins (1) and aldehyde- 
treated amino acids (16) and proteins (4, 18) have done much to 
clarify the general problem of the protein-aldehyde reaction. 

From their extensive X-ray studies Astbury and co-workers concluded that 
proteins consist of parallel peptide chains about 4.6 A apart, the individual amino 
acid residues each having a length of about 3.5 A along the chains. The layer of 
parallel peptide chains so formed is connected with other similarly constructed layers 
by means of the side-chains of the amino acids. Inasmuch as the layer-layer distance 
is about 10 A, this means that the side-chains of only arginine and lysine and those 
of glutamic and hydroxyglutamic* acids are of sufficient length to be employed in the 
layer-layer linkage. Assuming compound formation between the side-chain — NH 2 
and — COOH groups of these acids, a calculated distance of 10.4 A lesults while a 
distance of 9.9 A msults if the linkage is by means of hydrogen bond (2). Either 
of these types of layer-layer linkage yields distances within the error of the X-ray 
measurements. Probably the most general means yet advanced of holding together 
the parallel peptide chains in the layer level is by hydrogen bonds, forming a 
—COHN — linkage between peptide chains and having a total bond distance of 
4.65 A (13). In certain proteins (wool) the parallel peptide chains may be held 
together by side-chain groups of two cysteine residues, the — SH groups of which 
have been oxidized to a cystine — S — S— linkage, which yields a distance of 4.66 A 
between parallel peptide chains. Recently the stretch of wool has been increased by 
chemical reduction of — S — S — groups and reactions introducing — CH 2 groups 
between the two sulfur atoms (8). As we have pointed out before, in protein-aldehyde 

Approved by the Director of the New York State Experiment Station for publi- 
cation as Journal Paper No. 636. 
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plasties the side-chains of hydroxyamino acids may react with aldehyde to give an 
— 0 — CHj — O — linkage, bonding together peptide chains vdth a distance of 4.67 A. 

Kuntzel (11) was unable to account for all the aldehyde bound 
during the tanning of leather as reacting vdth. — NH 2 groups and 
proposed that the imino group of the peptide (CONH) linkage might 
possibly react with aldehyde to give methylene bridges between 
peptide chains. This hypothesis of methylene bridges has been men- 
tioned frequently in the literature (7, 9, 17), and many seem to assume 
that it rests on proof. The purpose of this paper is to point out that 
the methylene bridge ( — CH 2 — ) can bridge only a distance of 2.40 A 
between nitrogen atoms or 2.52 A between carbon atoms or 2.46 A 
between nitrogen and carbon atoms of parallel peptide chains and 
any of these are quite impossible if we accept the experimental evidence 
of X-ray data which show the distance between peptide chains to 
be 4.5 A. 

To throw direct experimental evidence on the question of whether 
the imino gi’oup of the — CONH linkage reacts with formaldehyde, 
we have employed benzoylalanine. Whatever the substance employed, 
it should be as simple as possible in structure and carry the — CONH 
group. In the strictest sense of the word, benzoylalanine is not a 
peptide although it contains the — CONH groug. It has the experi- 
mental advantage over a true peptide, however, of having no terminal 
— NH 2 group (such as glycylalanine) which would bind aldehyde and 
confuse the interpretation of results, and the benzoyl portion has the 
further advantage of being the acyl group of a strong acid and analo- 
gous in strength to that of a methylolamino acid which has lost any 
basic properties the parent amino acid may have had originally. 

In reacting simple amino acids with formaldehyde, we have shown 
with aspartic and glutamic acids and with asparagine that the side- 
ehain gi*oup attached to the a-carbon atom, although itself not reacting 
with aldehyde, regulates the equilibrium constant of the reaction with 
the second mole of aldehyde; the longer the side-chain the greater 
the concentration of aldehyde required to complete the reaction. In 
our experiment a short side-chain is desired, therefore, on the a-carbon 
atom, to facilitate completion of the reaction with a minimum of 
aldehyde. Clearly the side-chain cannot be shorter than a — CHs 
group (alanine) and maintain an optically active amino acid as is 
required by our experimental method. We have employed the benzoyl 
derivative of d-alanine instead of the naturally occurring Z-aJanine 
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because we had a supply of the derivative of the d-acid, and its reaction 
toward aldehyde should be identical with that of the naturally oc- 
curring Z-acid. 

Neuberger (14) was unable to condense formaldehyde with N-acetyl- 
or N-benzoyl-Z(—) -histidine in a twenty-four hour period -when used 
in molar proportions. We have employed a range of aldehyde concen- 
trations reaching to sixteen-fold and our method permits the use of 
unlimited time for equilibrium to be established between the reactants. 

It is well established that formaldehyde reacts at both imino 
groups of diketopiperazines (3) giving methylol derivatives, but 
ketopiperazines have many properties not common to chain com- 
pounds. In the work reported here it has been found that there is no 
indication of reaction between formaldehyde and benzoyl-d( —) -alanine 
solutions containing an equivalent of sodium hydroxide. 

Preparation of Materials 

Benzoyl-d{^)~alamne. Benzoyl-dZ-alanine was prepared by benzoylating a com- 
mercial sample of dZ-alanino by the method of Fischer (5) and after precipitation 
with acid, filtration, drying and extraction of free bcmsoic acid with petroleum ether, 
the benzoyl-d^alanine was recrystaUized from water. Separation of benzoyl-Z(-l-)- 
alanine as the very insoluble crystalline strychnine salt (16) and its removal from 
the very soluble antipode left benzoyl-d(— )-alanine in solution, which after con- 
version to the sparingly soluble crystalline brucine salt, followed by removal of 
brucine, gave a good yield of benzoyl-d(— )-alanine, which last was recrystallized 
twice from hot water as gable-shaped prisms and dried over phosphorous pentoxide. 
Melting point 148® (corr.). The rotation of a solution containing 1.5000 g. benzoyl- 
d(— )-alanine and 7,8 ml of N potassium hydroxide solution (1 equivalent) and 
water to a total weight of 15.147 g. (sp. gr. 1.0427) w’as — 7.70® (2 dm). [ajD"** 
« - 37.26®. Fischer gives [alo^® « - 37.3®. 

Formaldehyde, A very pure concentrated formaldehyde solution was brought to 
exactly pH 7.0, measured against the glass electrode, by addition of sodium hydroxide 
solution and the aldehyde content of this stock solution determined by the sodium 
bisulfite method of Kleber (10). 


Experimental 

Exactly 24.137 g. of dry benzoyl-d(— )-alanine (0.125 mole) were weighed out, 
about 30 ml. of water added, and 67.3 ml of a 1.860 N sodium hydroxide solution 
(1 equivalent) added and the solution made up to 125 ml. This made a stock solution 
in which 10 ml. contained 0.01 mole of the sodium salt of benzoyl-d(— )-alanine. 
Ten ml. portions of this stock solution were pipetted into a series of 25-mL flasks 
and various amounts of the stock formaldehyde solution added to each and the 
volume of each solution made up to 26 ml. Part of each of these solutions was trans- 
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ferred to a 2 dm. polarizing tube and the remainder of the solution and the polarizing 
tube were placed in the constant temperature bath at 20®C. and read periodically. 
A constant value for the angular rotation was noted immediately, which indicated 
that no reaction was taking place between benzoyl-d(— )-alanine and formaldehyde. 
To make sure that an extremely slow reaction was not taking place, the final readings 
were made after sixty-five days at 20°C. The sodium ai*c was employed as a light 
source. 

The hydrogen-ion concentration of each solution was measured with the glass 
electrode. These data, together with the readings of the angular rotation, are recorded 
in Table I and the angular rotation is shown graphically in Fig. 1. 

TABLE I 

Data for Formaldehyde and Bemsoyl-d(-’)-alamne at 20°C, 

0.01 JMole benzoyl-d(--)-alanine and one equivalent of sodium 
hydroxide per 25 ml. solution 


Soln. 

Moles 

Angular Rotation 

Cone, 

No. 

Formaldehyde 

degrees (2 dm.) 

Hlon 

1 

0 

-5.86 

1.5X10-11 

2 

0.005 

5.87 

4.0 

3 

.010 

5.88 

8.0 

4 

.020 

5.89 

1.6 X 10-1® 

5 

.03 

5.91 

2.5 

6 

.04 

5.92 

3.3 

7 

.06 

5.96 

4.5 

8 

.08 

6.00 

6.8 

9 

.10 

6.03 

7.5 

10 

.12 

6.09 

8.0 

11 

.14 

6.15 

1.1X10-® 

12 

.16 

6.21 

1.3 


Discussion 

From the optical rotation (Fig. 1) it is clear that there is no indica- 
tion of a reaction between benzoyl-d(— )-alanine and formaldehyde 
under the conditions employed in our expeiiments. An equilibrium 
reaction between benzoyl-dC— )-alanine and formaldehyde would re- 
quire an experimental curve concave to the au-axis and terminating in 
a constant rotation at high aldehyde concentration, whereas the 
rotation actually becomes continuously slightly more negative as the 
aldehyde content is increased. This small change in rotation is ascribed 
to the effect of change of solvent (some sixteen-fold change in concen- 
tration of aldehyde) and is a common phenomenon experienced with 
solvents having polar properties (12). Further it may be said that the 
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benzoyl-d( — )-aIaninc was practically all recovered unchanged on 
acidifying the experimental solutions. 

In previous experiments on the binding of formaldehyde by amino 
acids (2, 6), we have found that one mole of aldehyde was rather 
firmly bound per mole of amino acid and that on adding more aldehyde, 
a second mole of aldehyde was bound reversibly. The 1 : 1 mole com- 
pounds seems to be a methylol derivative but we have been unable to 
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Fig. 1 

Effect of Added Formaldehyde on Angular Rotation (2 dm.) of O.Ol Mole of 
Benzoyl- (d)- Alanine Containing one Equivalent of Sodium 
Hydroxide in 25 ml. of Solution 

say whether the second mole of aldehyde formed a dimethylol com- 
pound or whether it reacted with the first methylol group forming a 
compound of the type — CH 2 OCH 2 OH. We have indicated that the 
latter was probable, because of the unstable character of the 1 : 2 mole 
compound. The results with benzoyl-d(— )-alanine indicate that we 
can be fairly sure that the imino part of the peptide linkage does not 
react with aldehyde, so that methylene linkages between peptide 
chains are impossible as demanded by X-ray data. 

Acknowledgment is made for the assistance of Dr. F. E. Lovelace in reading some 
of the rotations. 
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Kummary 

1. Calculations of bond distances show that methylene groups 
cannot be expected to bridge the distance found by X-ray diffraction 
methods between parallel peptide chains in proteins. 

2. Experiments carried out with benzoyl-d(— )-alanine have shown 
no indication of reaction between the imino group of the — CONH 
linkage and formaldehyde, which would be a necessary prelude to the 
formation of methylene bridges between peptide chains. 
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Introduction 

It is well established that natural as well as synthetic estrogens are 
important in controlling the function of reproductive tissues, and they 
are also known to affect the metabolism and function of other tissues 
not directly concerned with reproduction. It seems probable that 
these changes depend primarily on the part played by the estrogens 
in the enzymatic processes concerned with cellular function. As a 
means of obtaining information on these cellular processes a study 
Avas instigated to determine the effect of the estrogens on the activity 
of certain respiratory enzymes. This report presents results obtained 
from experiments designed to determine the effect of estrogens on the 
succinoxidase system of liver and pituitary tissues. However, because 
of the insolubility of the natural estrogens under the conditions used, 
the report is concerned mainly Avith the effect of synthetic estrogens. 

Experimental 

The liver and pituitary tissues were obtained from adult rats of the Sprague- 
Dawley strain, and pituitary tissue ivas obtained also from immature rats of the 
same strain which had been used for assay of gonadotropic extracts. 

The animals were killed by decapitation. The samples of liAier and pituitary tissues 
were remoAmd immediately, weighed and placed in 0.5 ml. of cold glass-distilled 
water which was in an homogenizing tube. The “homogenization” method of Potter 
and MAmhjem (1) was used in preparing the tissue homogenates. Sufficient water 
was added to the homogenized tissue to make a 5% homogenate. 

The proper amounts of the homogenates (usually 0.2 mL of liver and 0.3 ml. of 

* Thin work was supported by a grant from the Wisconrin Alumni Research 
Foundation. 
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pituitary) were placed in the Warburg flasks with fortified substrate (2, 3), The 
f^ortifled substrate solution consisted of 1 ml. of 0.1 M phosphate buffer of pH 7.4, 
0.3 ml. of 0.5 M sodium succinate, 0.3 ml. of 0.004 M CaCl2-2H20, 0.3 ml. of 0.004 M 
AICI3, and 0.2 ml. of 3 X 10”^ M cytochrome c. This concentration of cytochrome c 
was previously shown (4) to be sufficient to take care of the dilution effect (3). 
In addition, the proper amounts of 0.001 M solutions of the compounds tested for 
inhibitor activity were added to the flasks with the tissue and the substrate. Sufficient 
water was also added to make a total volume of 3 ml.; 0.1 ml. of 20% potassium 
hydroxide was used in the center wells. The experiments were carried out in duplicate 
flasks containing a constant amount of homogenate, as it had been shown previously 
that, under the above conditions, the oxygen uptake is directly proportional to the 
amount of tissue homogenate used (4). 

Approximately 20 minutes elapsed from the time the tissue was removed from 
the animal until the flasks were placed in the bath of the Warburg apparatus at 
38°C. A period of 10 minutes was allowed for the contents of the flasks to come to 
the temperature of the bath and the oxygen uptake was obtained by taking readings 
at 10 minute intervals. The results are reported in terms of QO 2 ; i.e,, the mm.® of 
oxygen taken up per mg. of dry tissue per hour. The QO 2 values reported are averages 
based usually on the first four 10 minute periods. 

The cytochrome c was made from beef heart muscle according to the method of 
Keilin and Hartree (5) except that the final product was dialyzed against glass- 
distilled water instead of 1% sodium chloride solution. A 0.5 M solution of Eastman 
sodium succinate was adjusted to pH 7.4 and used as substrate. 

A 0.114 M solution of Merck ascorbic acid was employed as substrate for cyto- 
chrome oxidase (6). This substrate was used to determine whether the inhibitor 
acted on cytochrome oxidase. Otherwise the medium was the same as that for succinic 
dehydrogenase except 0.3 ml. of 9 X 10”^ M cytochrome c was used with 0.2 ml. of 
2% liver homogenate. 

To test in another way whether the inhibitor acted on cytochrome oxidase, the 
cytochrome c was replaced by brilliant cresyl blue (7). Five-tenths ml. of a 0.5% 
solution of the dye was utilized. 

Diethylstilbestrol, hexestrol and dienestrol* (4,4'-dihydroxydiethylidenediphenyl- 
ethane) were each dissolved in dilute sodium hydroxide in order to test their effective- 
ness as inhibitors. Solution was effected by adding 0.5 ml. of water to 2.7 mg. of 
each compound plus 0.04 ml. of 2 M NaOH after w’hich the particles were stirred 
with a small glass rod until solution was complete. To neutralize a part of the NaOH, 
0.01 ml. of 2 3/ HCl was added plus sufficient water to make a volume of 10 ml., 
which gave a concentration of 0.001 M estrogen. Diethylstilbestrol and hexestrol 
can also be dissolved by use of 0.03 ml, of the NaOH with 0.01 ml. of HCl. In fact, 
in the first e.xperiments HCl was added until the compound was just soluble, but, 
with solutions of this kind, consistent inhibition was not obtained as the estrogen 
tended to precipitate when added to the fortified substrate which had a pH of 7.4. 


* We are indebted to Abbott Laboratories, to Dr. C. W. Sondem of the White 
Laboratories, and to Dr. A. L. Wilds of the Dept, of Organic Chemistry, University 
of Wisconsin, for samples of the various synthetic estrogens used in this work. 
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Consequently, as a precaution against precipitation, 0.03 or 0.04 ml. of 2 M NaOH 
was used with 0.01 ml. of 2 M HCl in dissolving those estrogens. 

A control solution was made by mixing 0.03 ml. or 0.04 ml. of 2 M NaOH, de- 
pending on the amount employed in dissolving the estrogen, with 0.01 ml. of 2 M 
HCl and addition of water to make a volume of 10 ml. Three-tenths ml. of tliis 
solution w'as added to Warburg jBlasks for use as controls for the flasks that received 
0.3 ml. of the 0.001 M aqueous estrogen solutions. 

Disodium 3,4-diphenylhexanc-?>-p'-dioxyacetate, which is a water-soluble com- 
pound of low estrogenic activity, was tested. Sodium 3,4-diphenylhoxane-p-hydroxy- 
p'-oxyacetate was also tested; 3.3 mg. of the acid was dissolved in 5 ml. of 'water 
by use of 0.01 ml. of 2 Af NaOH, The stock solutions of these compounds were 
0.001 M and 0.002 M, Appropriate controls were used. 

Attempts were made to employ the same method to dissolve the natural estrogens 
— estrone, estradiol and estriol — ^in order to tost their effectiveness in inhibiting the 
succinoxidase system. It required from 0.2 ml. to 0.4 ml. of 2 M NaOH to dissolve 
the proper amounts of these hormones to make 10 ml. of 0.001 M solutions. As 
much as 0.1 ml. of 2 M HCl could be added without causing these substances to 
precipitate. Ilowwcr, when those solutions w^ore added to the buffer substrate at 
pH 7.4 or even at pH 8, precipitation occurred, so that the results obtained did not 
indicate whether the natural estrogens are effective inhibitors. However, an impure 
sample of sodium estrone sulphate * w^as obtained and used as it is water-soluble. 
The stock solution of this compound w’as 0.002 M. The results obtained with this 
sample of sodium estrone sulphate are only indicative, which makes further study 
of the effect of the natural estrogens on the succinoxidase system desirable. 

Results and Discussion 

The data in Table I demonstrate that diethylstilbestrol, hexestrol 
and dienestrol are effective inhibitors of the succinoxidase system of 
rat liver. Diethylstilbestrol and hexestrol obtained from two different 
sources were foimd to be about equally effective. The results of 
Table II show that diethylstilbestrol inhibits the succinoxidase system 
of pituitary tissue from immature and adult rats. This would be 
expected since, as was indicated above, this estrogen inhibited succin- 
oxidasc of rat liver. Although the degree of inhibition is greater in the 
case of pituitaiy tissue from young animals, this difference is probably 
not significant as the Q02 values obtained in the different experiments 
with tissue from adult animals were variable. In addition only one 
run was made with pituitaries from young rats. Malonate was also 
shown to be effective in the inhibition of the system in pituitary tissue. 
The question arose as to whether the degree of inhibition of the 
succinoxidase system by diethylstilbestrol was proportional to the 

Supplied by Dr. J. M. Scott of Ayorst, McKenna and Harrison. 
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TABLE I 

Effect of Estrogens on the Succinoxidase System of Rat Liver Tissue 


it 

rat 

No 

of 

luns 


Q 

Os 


No inhibitor 

Final molanty of inhibitor (10”9 

1 


Control 

1.0 

2.0 

4.0 





Dicthylstilbestrol 


Adult 

9 

82.9(65.6-106.3) 

18.7(10.4-28.4) 1 

— 

— 





Hcxestrol 


Adult 

5 

76.6(57.3-86.4) 

18.0(7.0-29.2) I 

— 

— 

i 




Dicnostrol 


Adult 

3 

87.1(67.4-106.3) 

10.8(10.5-30.7) 1 

— 

— 




Sodium 3,4-diphenyIhexanc-i?-hydroxy-p'-oxyacetafc 

Adult 

5 

81.7(63.3-99.8) 

76.8(54.9-88.8) 

68.5(52.7-92.7) 

47.5(51. W3.9) 




, Disodium 3,4-diphonylhcxano-p,p'-(lioxyacctate 

Adult 

4 

86.1(78.7-89.8) 

87.6(86.0-88.8) 

85.3(78.1-88.9) 

84.0(76.4r4)2.0) 




Sodium estrone sulphate 

Adult 

2 

78.9(78.9-79.0) 

69.2(68.9-89.6) 

64.8(60.9-66.9) 

50.2(48.1-52.1) 


concentration of the estrogen. To answer this question experiments 
were made using five different concentrations of the hormone varying 
from 0.2 to 2 X 10”^ M with a constant amount of liver homogenate. 
The results are given in Table III, and these data show that the 
inhibition increases with increasing concentrations of the hormone. 
The highest concentration used, 2 X 10"^ ilf, gave complete inhibition 
in two experiments and almost complete in the third. 


TABLE II 

Effect of Diethylstilbeslrol and MaUmate on the Succinoxidase 
System of Rat Pituitary Tissue 


it 

rat 

No. 

of 

runs 


O 02 


No 

inhibitor 

control 

Diethylstilbestrol Malonate 

Final molarity of inhibitor (10”^) 
1.0 6.0 

26 da. 

1 

24.0 

4.6 



Adult 

7 

23.7(19.6-27.3) 

10.6(4.7-18.3) 

16.0(13.6-18.8) 



Disodium 3,4-diphenylhexane-p,p'-dioxyacetate 

Adult 

1 

23.5 

22.5 

— 
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TABLE III 


Inhibition of the Succinoxtdase System of Rat hvoer by Different 
Concentrations of Diethylstilbestrol 


Experiment 

No. 

Control 



Q 02 



0.2 

Final molarity of inhibitor (10~*) 

0.25 0 5 1.0 

2.0 

1 

88.0 

71.3 

— 

40.6 

20.8 

0.0 

2 

80.4 

72.9 

63 3 

52.0 

28.3 

0.0 

3 

77.1 

— 

— 

38.4 

23.8 

2.2 

Average 

81.8 

72.1 

63.3 

43.6 

24.3 

0.7 


The effectiveness ol diethylstilbestd’ol as compared with malonatc 
in the inhibition of the succinoxidase system was studied by using 
10“* M concentrations of these compounds. The results of experiments 
I and 2 are given in Table IV. These data show that diethylstilbestrol 
is much more effective than malonate. The concentration of malonate 
in experiment 3 was 4 X 10“^ M which was four times that of diethyl- 

TABLE IV 


Compel ison of the Effectiueness of Malonate and DiethylstUbesirol in the Inhibition of 
the Succinoxidase System of Rat Liver 


Experi- 

ment 

No. 

No 

inhibitor 

control 


Q 02 



Diethylstil- 

bestrol 

1.0 

Malonate 

Final molarity of inhibitor (lO"*) 

1.0 4.0 5.0 

10.0 

1 

85.4 

20.8 

80.7 

50.3 

25.7 

2 

86.7 

17.1 

74.9 — 

— 

— 

3 

60.1 

6.1 

~ 38.0 

— 

— . 


stilbestrol. Under these conditions the Qoj was decreased from the 
control value of 60.1 to 6.1 by the estrogen as compared with 38.0 
for malonatc. 

It was first considered that the mechanism of the inhibition by 
these estrogens consisted of competition mth the substrate succinate 
for the enzyme succinic dehydrogenase, as has been shown to be the 
case for inhibition by malonate. However, since it was found that 
diethylstilbestrol was much more effective than malonate, and that 
in a concentration of 2 X 10~* M it inhibited completely, the question 
arose as to whether the inhibitory effect might not be exerted on 
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c^iiochrome oxidase instead of succinic dehydrogenase. A suggestion 
that this might be the case was the fact that the cytochrome c in the 
flasks with the diethylstilbestrol was obser^^ed to be in the reduced 
state immediately after conclusion of the experiments. 

To determine whether the cytochrome oxidase was inhibited, bril- 
liant cresyl blue was used in place of cytochrome c. Weil-Malherbe 
(7) showed that the succinoxidase system would function without 
cytochrome c in the presence of this dye although not to the same 
extent as with cytochrome c. The fact that the dye is autoxidizable 
in the presence of oxygen permits the system to function -without 
the action of cytochrome oxidase. Thus, in a system in which cyto- 
chrome c is replaced by the dye, if the inhibition by diethylstilbestrol 


TABLE V 

Effect of BriUiant Crchtjl Blue on the Inhibition oj the Sucdiioxidase Systcui 
of Liver by Diethylstilbestrol 


Sod. 

succ. 

0.5 M 

Cytochrome c 
3X 10“^ il/ 

Brilliant 
cresyl blue 
0.5% 

Diethylstil- 

bestrol 

10-8 

I 

Qo2 

Experiments 

II 

III 

ml. 

nd. 

ml. 

ml. 




0.3 

0.2 

— 

— 

77.5 

63.7 

68.0 

0.3 

0.2 

— 

0.3 

5.9 

12.7 

27.3 

0.3 

— 

0.5 

— 

37.0 

32.5 

42.1 

0.3 

— 

0.5 

0.3 

31.3 

30.2 

38.8 


Final concentration was 10“* M when 0.3 ml. was used. 


is affected by combination with cytochrome oxidase, the oxygen uptake 
should be approximately the same both in the absence and presence 
of inhibitor. The details of the experiments are given in Table V. 
The results show that diethylstilbestrol inhibited when cytochrome c 
w'as used but w^hen it was replaced by brilliant cresyl blue there w^as 
little inhibition as, under this condition, cytochrome oxidase w^as not 
required. Thus, these results support the view that diethylstilbestrol 
inhibits cytochrome oxidase and not succinic dehydrogenase. 

In order to test further whether the inhibitory effect of diethylstil- 
bestrol was exerted on cytochrome oxidase, an experiment was made 
using ascorbic acid as substrate in the presence of cytochrome c, 
both with and without the estrogen. The Qoa for cytochrome oxidase 
without the inhibitor w'as 317 as compared with 153 in the presence 
of diethylstilbestrol. These results also show that the inhibition of 
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the succinoxidase system is due to the action of the diethylstilbestrol 
on cj"tochrome oxidase. 

The inhibition exerted by diethylstilbestrol was as great during the 
first 10 minute period as during the later periods. It should be stated, 
however, that just prior to the first ten minute period, ten minutes 
were allowed for the contents of the flasks to come to the temperature 
of the bath during which time the inhibitor was in contact mth the 
enzyme and the substrate. 

The similarity in structure of the synthetic estrogens, as shown by 
the following formulae, make it seem probable that the inhibitory 
mechanism for substances of this type is the same. The formulae 
are given below, where 



C=C 

R = -C^ ^C— OH, 

\ ^ 

C— C 

CHs CH, 
d-’H CH 

R — dj — di — ^R 

CaHs C0H5 

R— i==i— R 

CiH. C,H. 

R — (j (i? — ^R 

k k' 

Diethylstilbestrol 

Hexestrol 

Dienestrol 


However, the structure of disodium 3,4-diphenylhexane-p,p'-dioxy- 
acetate is similar to the others of this type except that the 4,4'-phenolic 
hydroxyl groups are replaced by oxyacetate groups. This compound 
is water-soluble but did not inhibit cjiiochrome oxidase. Sodium 
3,4-diphenylhexane-p-hydroxy-p'-oxyacetate, which contains one free 
phenolic group, inhibited, but the degree of inhibition was less than 
that obtained with the dihydroxy compounds such as diethylstilbestrol, 
hexestrol and dienestrol (Table I). In the formulae for the oxyacetate 
compounds, 


R' 


-C 


C=C 


;C~-0— CH-COOKa, 




CsHfi C2H6 

E'— C O—R' 

k k 

Disodium 3,4-diphenylhexane- 
p,p'-aioxyacetate 


R- 


C2H6 CiHfi 

k—'R' 

k k 


Sodium 3,4rdipheiiylhexane-p- 
hydroxy-p'-oxyacetate 



172 


W. H. MCSHAN AND ROLAND K. MEYER 


The monoxyacetate is also less active estrogenically than the 
diphenolic compounds but more active than the dioxyacetate. In this 
connection it is of interest that estrone which has one phenolic group, 
when used in the form of the sulphate, inhibited to about the same 
degree as the monoxyacetate (Table I). Estrone is also less active 
estrogenically than stilbestrols having two phenolic groups such as 
diethylstilbestrol. These results suggest that the estrogenic activity of 
estrogens may be correlated with their ability to inhibit the succin- 
oxidase system. 

The correlation of the degree of inhibition with the decrease in the 
number of terminal phenolic groups suggests that these groups are 
necessary for inhibition to take place. This does not seem unreasonable 
as cytochiome oxidase or indophenol oxidase is known to catalyze the 
oxidation of certain phenolic compounds which indicates that this 
enzyme must have an aiO^ity for this group. Thus, it may be that 
the phenolic groups of the estrogens combine with the active centers 
of the enzyme but are not oxidized, and as a result prevent the enzyme 
from performing its normal function. 

There is a correlation between the inhibition of cytochrome oxidase 
by diethylstilbestrol and the diabetogenic effect of diethylstilbestrol 
in the rat reported by Ingle (8), the increase in fat produced in chickens 
by large doses of diethylstilbestrol (9, 10, 11) and the lipemia produced 
by natural estrogens (12). Other correlations are the impairment of 
the oxidative phase of carbohydrate metabolism in the prostate of 
the dog reported by Barron and Huggins (13, 14), and the regressive 
changes produced in prostate cancer by diethylstilbestrol and its 
dipropionate (16, 16). However, further exploration of other key 
metabolic enzyme systems is required before specificity can be attached 
to the inhibition of cytochrome oxidase by diethylstilbestrol. 

We are grateful to Drs. Van R. Potter and P. P. Cohen for reading the manuscript. 


Summary 

The results presented show that diethylstilbestrol, hexestrol and 
dienestrol are effective inhibitors of the succinoxidase system. The 
effectiveness of diethylstilbestrol increased with increasing concentra- 
tion until, with the proper concentration, complete inhibition was 
attained. The maximum effect of the hormone is exerted soon after it 
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is mixed with the enzyme. It was shown that the inhibition by diethyl- 
stilbestrol was effected through the cytochrome oxidase of the sj^tem. 

Compounds having one phenolic group and less activity in the 
estrogenic sense are also less effective as inhibitors, and when both 
phenolic groups of the stilbestrols are replaced by oxyacetate groups 
little, if any, inhibition is obtained. 
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Intboduction 

In a recent note (1) we pointed out that the electron microscope 
oflera a means of observing regularities in the arrangement of the 
elementary particles deposited from certain crystallizable plant virus 
prepamtions. The present paper shows additional electron micrographs 
which are useful in the elucidation of the way in which these virus 
particles deposit from solution to form crystals. 

Experimental and Discussion 

Two purified plant viruses were photographed. One was the tomato 
bushy stunt virus which had been grown in tomato plants; the other 
was southern bean mosaic virus, cultivated in Bountiful bean plants. 
Crystallizable suspensions were obtained from infectious juice of 
diseased plants by differential ultracentrifugation, following procedures 
commonly employed in this type of purification. Electron micrographic 
observations, using an RCA Type EMB instmment, were carried out 
on properly diluted aqueous suspensions of the purified viruses. 

Biological objects such as these vinises can be especially clearly 
seen and studied in the electron microscope if they are first “shadowed” 
by the oblique deposition on them of a thin metallic layer (2). The 
photographs in this paper are of such shadowed preparations. To 
make them, a micro drop of diluted virus suspension was placed on 
the surface of one of the collodion-covered metal screens customarily 
employed for electron microscopy. After standing for tw'o to five 
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minutes, as much as possible of the drop was withdrawn \vith a micro 
pipette and the residue allowed to diy in air. Such preparations were 
then put into the chamber of a high vacuum evapomting outfit and 
a known weight of metallic gold was obliquelj" deposited on them 
from a hot source. The heating filament in the chamber was so placed 
that objects on the collodion substrate shielded areas about five times 
their height from the depositing gold; the weight of gold was chosen 
so that its average calculated thickness over the surface of the prepa- 
ration was 8 A. 

Very different types of fields were seen in electron micrographs of 
the bushy stunt virus. In one, the elementary paiticles appeared as 
well-defined spheres that packed closely together in a regular array. 
A typical region of this sorf is shown in Fig. 1. In other parts of the 
preparation the particles, where they could be discerned at all, were 
ill-defined in clumps and small masses. Fig. 2 is such a field. 

Most of the particles of Fig. 1 are regularly arTanged in a layer oire 
particle thick; in this sense it can be thought of as a sort of two- 
dimensional crystalline army. If the particles are truly spherical, or 
at least figures of revolution, an4 if they are distributed as are the 
spheres in either a cubic or a hexagonal close packing, they should 
be in contact with one another along three rows making angles of 120® 
with one another. This is true for the bushy stunt virus, within the 
accuracy of the measurements possible on Fig. 1 and similar photo- 
graphs. The heights of the shadows suggest that the virus particles 
are strictly spherical but the angle of shadoTvdng was not suflSciently 
well known to prove that this is exactly true. Fairly accurate determi- 
nations of paiiiicle diameter result from measurements along these 
contacting rows. In terms of a calibration based on the photography 
of a 14,400 line-per-inch grating replica, the diameter of the bushy 
stunt virus particle is 255 A in Fig. 1. Measurements on other photo- 
graphs, such as Fig. 3, yield values I'anging from ca, 250 A to ca. 270 A, 
this variation probably being determined by the conditions under 
which the preparation was made. These diameters are in excellent 
agreement with the value measured on an earlier unshadowed photo- 
graph (3) of isolated virus particles and that derived from rates of 
sedimentation (4, 6) and diffusion. 

Regions can be found on practically all “shadowed” preparations 
of the bushy stunt virus studied which give photographs like Fig. 2. 
The nature of the matrix of disordered material in which occasional 
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Fig. 1 

A Sliadowed Electron Micrograph Showing the Elementary' Particlob in a Purified 
Suspension of Bushy Stunt Virus 

Their regular distribution in a single layer is evident. A few separate particles 
can be seen to the right. The inked line on this and the other photogi’aphs is equivalent 
in length to one micron on the preparation. The magnification of this picture thus 
is61,000X. 

virus pai*ticloH can be scon embedded is not clear. It may consist of 
an agglomeration of virus paiiiieles that have been severely damaged 
during the treatments to which the preparations were subjected. 

In photographs showing greater concentrations of virus than those 
of Fig. 1, the particles arc piled in successive layers. Such a thicker 
region can be seen in the center of Fig. 3. Where indmdual particles 
can be discerned, the continued regularity of their arrangement is 
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Fig. 2 

A Typical Electron Micrograph Showing the Character of the Disordeu'cl Material 
Seen in Preparations of the Bushy Stunt Viius 
Magnification, ca, 35,000 X 

evident. Such a three-dimensional regularity of aiTangement is by 
definition crystalline. Some of the photogi'aphs of southern bean 
mosaic virus, to be presented later, show veiy extensive areas of three 
dimensional crystallinity. Such extensive areas have not yet been 
observed in the bushy stunt virus preparations. 
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Fia. 3 

A Photogiaph of the Bushy Stunt Virus Having its Elemental y Particles 
Pai tides Stacked One on Top of Anothei 
Magnification 46,000 X 

In more dilute bushy stunt virus preparations the elementary 
particles are distributed singly and in clusters of a few individuals 
over the collodion substrate. A few of these separate particles and 
groups appear in Fig. 1; many more are evident in other photographs 
not presented here. It is often hard to be sure whether a chosen object 
is single or not, and for this reason care must be taken in drawing 
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Fig. 4 

Pai tides of the Southern Bean Mosaic Virus Exhibiting Regulai 
Arrangement m a Smgie Layer 
IMagnification 62,000 X 

conclusioiivK about particle size from measuremen’ts on them and the 
shadows they cast. 

Nevertheless, consideration of all these photographs brings out the 
remarkable uniformity in size of the individual particles of the bushy 
stunt \drus. This uniformity, which has already been noted by others 
(3, 4, 5), is to be contrasted with the wide variation of molecular 
diameters observed (6), for instance, in purified solutions of the non- 
crystallizing hemocyanin from Limulm polyphemus. 
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Particles of southern bean mosaic virus are similar both in size and 
shape to those of bushy stunt virus. Regions of regular particle arrange- 
ment are far more numerous in the bean mosaic preparations, and 
there is a pronounced tendency for the regular layers of particles of 
this virus to be stacked on top of one another in a three-dimensional 
crystalline array. Large crystals of the bean mosaic virus (7), such as 



Fig. 5 

Another Preparation of the Southern Bean IMosaic Virus 
At the lop of the picture the distnbution is in a single layer. 
Magnification 60,000 X 

those to be seen under the optical microscope, have less than the cubic 
symmetry of bushy stunt virus crystals. The data from our photo- 
graphs do not show whether this lower symmetry is due to a minor 
asymmetry in the particles themselves, to a departure in particle 
arrangement from the conditions of cubic close packing, or to both 
factors working together. 
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The single-layered packing of the bean virus particles, where it 
occurs as in Figs. 4 and 5, is of the same general kind as the two- 
dimensional close packing of the bushy stunt virus. There is no 
evidence from these photographs that the particles of the bean virus 



Fia. C 

An Aggregate of the Southern Bean Mosaic Viins with its Particles Beginning to 
Show a Regular Three-Dimensional Array 
Magnification 55,000 X 

are less than spherical in symmetry. They are, like the bushy stunt 
virus particles, very uniform in size and their measured diameter is, 
to a first approximation, the same as for this other virus, namely 
ca. 260 A. 
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The bean mosaic virus particles associate so readily that extensive 
three-dimensional arrays form from sufficiently concentrated solu- 
tions. As can ho seen from Fig. 6 these regions are not at first confluent. 



Fio. 7 

A Thicker Southern Bean Mosaic Virus Preparation in Which the Islands of Three- 
Dimensional Regularity are Merged to Give Beaches of Increasing Thickness 
Magnification 36,000 X 

but consist of blocks Avhich are similarly but not identically oriented. 
They can be thought of as the physical equivalents of the mosaic 
blocks that are assumed in the conventional picture of ideally imperfect 
crystals. A similar crystalline mass with the blocks merging to yield 







Fig. 8 

A AlicroiJiraph of a Still Thicker Aggregate of Southern Bean Mosaic Viruh Particles 
in Three-Dimensional Crystalline AiTay 

Linos of regularly arranged particles are easily discernible although increased 
diffuse electron scattering makes it harder to see the individual particles of virus. 
Sharp crystalline edges and faces ai-e evident at many places. An especially well- 
defined triangular face lies just above the step-formation at the right of the center 
of the photograph. Magnification 34,000 X. 

beaches of increasing thickness is shoAMi in Pig. 7. More extensive 
ciystalline masses are evident in Fig. 8 but even here they are only 
rarely bounded by anything resembling smooth faces. Layers of 
particles cover one another to give ridges that are an exaggeration of 
the beaches of the two preceding pictures and that follow one another 
in a step-wise fashion suggestive of the Egyptian pyramids. These 
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steps aud iws of particles seem to become more nearly pamllel as 
the thickness increases. Around the center of the photograph many 
shaip edges can be seen and immediately to the ri^t of this center is 
an especially flat triangular plateau rrhich is the closest approach to a 
crystal face observed on any photograph. Unfortunately at this 
thickness diffuse electron scattering from the underljdng layers limits 
the detail that can be photographed. A replica technique such as that 
described (6, 8) for minimizing the fine structure of collodion "will 
probably be needed to give most information about particle arrange- 
ment on the smdace of thick crystals. 

Summary 

Shadowed electron micrographs show that the elementary particles 
of the tomato bushy stunt and of the southern bean mosaic vunises 
are essentially spherical bodies of about the same size. The measured 
diameter of the bushy stunt particle on these photographs is 255 A. 
The micrographs also provide evidence of the regular way in which 
the particles arrange themselves when forming crystalline aggregates. 
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In a previous paper (Went 1944) it was shown that among the most 
easily determined carbohydrates (reducing sugars, sucrose and starch) 
only the sucrose concentration in a tomato plant showed consistent 
diurnal fluctuations. Because of the obvious relation between photo- 
synthesis and sucrose content, the latter was followed in tomato plants 
grown under controlled conditions in air-conditioned greenhouses 
(Went 1943). This had the advantage over field observations that the 
observed changes were attributable to only a limited number of 
variables, making conclusions more binding, and over laboratory 
experiments that the growing conditions were near optimal. 

Photosynthesis in the tomato plant has been measured previously, among others 
by Mitchell (1937), Christopher (1937) and Went (1944). In the latter case, photo- 
synthesis was judged by its effect on stem elongation in plants starved for sugar. 
Above 1000 f.c. the leaves were found to be saturated with light. Photosynthesis 
was hardly greater at 2C®C. than at 17®C. Old and young leaves seemed to be about 
equally effective in utilization of the light. The effect of light was proportional to 
the duration of exposure. 

Sucrose content can not be used as a direct measure of photo- 
synthesis, although it is the only carbohydmte which was found to 
change appreciably after illumination of the tomato plant. But it is 
likely that a certain proportionality exists between sucrose formed and 
photosynthesis and, for this reason, the sucrose content of tomato 
plants is of special interest. 

Methods 

Unless otherwise stated, tomato plants (San Jose Canner), grown in 4 inch pots 
and of the same age and size, were placed from 16:00 (4:00 P.M. Pacific War Time, 
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one hour ahead of sun time) until next morning 8:00 in a darkroom at 17°C. They 
weie then placed in the greenhouse at 18°C. in full daylight, and every hour a group 
ol 5-10 plants, selected at random, was harvested. The growing tops, with the 
youngest rapidly expanding leaves, were collected separately, as were the first leavevS 
tj'oungest almost full grown leaves), second leaves, third leaves, etc., and the stems 
were cut into 10 cm. lengths and also kept separately according to position on the 
plant. Immediately after collection, the samples w'ere dried in an oven with forced 
draft at 58°C. Sucrose was determined directly on water extracts of the diied material 
by increase in reduction after hydrolysis with invertase. Since the reducing sugar 
values did not have to be evaluated, this simplification was permissible, yet did not 
influence the sucrose values provided the hydrolysis was carried out with invertase 
(Bonner, unpublished). 


The first set of determinations was made on plants collected on 
June 22, 1944, which happened to be an exceptionally dark and cloudy 
day. Only after 12:00 did the sun come through the clouds, first 
occasionally, but after 14:00 most clouds disappeared. This experiment 
will not be described in detail; a summary of results is given in Fig. 3. 
In most leaves the sucrose content increased more rapidly at 26.6®C. 
than at 18®C., and at both temperatures the sucrose values of the 
samples collected at 13:00 were considerably lower than those collected 
at 12:00. 

The second set of samples was collected on September 1, 1944, a 
bright, sunny day. From 8:00 on, when the plants were first brought 
into the greenhouse, they were exposed to full sunlight. Fig. 1 combines 
all data of the sugar content of leaves and stems of plants kept at 
18°C. diuing the previous night and during the exposure to light. 
Considering that all points on one curve are obtained by analyzing 
samples collected from separate sets of plants (7 each), these curves 
are remarkably smooth. Thus indicates that among the factors deter- 
mining sucrose content of tomato leaves during daytime under the 
experimental conditions used, length of illumination exceeds all others 
in importance. 

Another fairly consistent effect is that from the first and second 
leaves downward sucrose production decreases, first slowly, but 
abruptly in the sixth leaves. These were the lowest leaves remaining 
on the plants analyzed, and some of them had brown edges and were 
dying. This effect of age en the rate of sugar production in the leaf 
was also evident in the first experiment and is shown in Fig. 2. Since, 
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in these experiments, the sugar concentration ^Yas measured, and not 
the total amount formed per leaf, they do not contradict the earlier 
results (Went 1944) in which all leaves were found to be about equally 
effective in total food production. 

In Fig. 1 there are only four points which are greatly off the mean 
expected from a smooth change in sugar content in the leaves with 
time. Those are the 13:00 values for the 1st leaves, and the 14:00 



Sucrose Content in Per Cent of Dry Weight of Whole Leaves and Stems of Tomato 
Plants, Placed at 8:00 in Natural Daylight at 18®C. 

Samples collected each hour until 16:00 (4:00 P.M.) 

X = sucrose content of top with youngest growing loaves; O, •, +, A, V, □, 
= sucrose content of youngest mature to oldest leaves respectively; 

A = sucrose content of upper half of stem 
Each sample mean of 7 plants 

values for the 3rd and 4th leaves and upper stem sections. The leaves 
are much lower in sugar than expected, whereas the stems contain 
too much. This is probably not accidental, and the sucrose lost from 
the leaves seems to have turned up in the stems. 

Whereas all the leaves show a consistent rise in sucrose content 
during the day, sucrose does not change in the stems (ivith the excep- 
tion mentioned earlier). This was also true for the plants kept at 
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Fig 2 

Sucrobe Content in Attcrnoon of Tomato Leaves as a Function of Their Height of 
Insertion on Stem (1st Loaf is Yoimgcst, 6th Leaf is Oldest) 

Same data as Fig. 1 

26.5®C. in the light. Therefore little photosynthetic sucrose production 
occurs in stems. 

The lag in sucrose formation is very marked during the first two 
hours of illumination. From the youngest to the oldest leaf a rapid 
rise in sucrose content occurs from 10:00 till noon and, after that, the 
rise is gradual and slight. This is clearly seen in Fig. 3, in which the 



Sucrose Content of Tomato Plants (Ordinate «* Per Cent of Dry Weight) After 
Various Lengths of Exposure to Sunlight at Different Temperatures 
(O and X at 18°C., □ at 26®C.) and on Different Days 
(O on Cloudy Day, X and □ on Sunny Day) 
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mean sucrose concent i-ation in all parts of the plant is plotted, doubling 
the weight of the stem values. In this graph also the mean sucrose 
content of the plants kept at 2G.5°C. is shown; this remains consistently 
below that of the plants kept at 18®C. in the -light, a phenomenon also 
noted in the firat experiment. The latter is plotted as the mean sucrose 
content of the tops, 1st, 2nd, 3rd, 4th and 7th leaves, both in 26.5® 


sucrose 



Fig. 4 

^Sucrose Content of Tomatoes, Kept from 8:00-16:00 Each Day in Full Daylight at 
18®C., and from 16:00-8:00 in Darkness at 17®C. (upper curve) 

At six times, marked by arrows, groups of 20 plants each wore placed in darkness 
at 17®C., loft there for the length of time indicated, and then all brought into the 
light at 10:00 at 18®C. The lower curves show their sucrose production in light. 

X X sucrobc content of 3 upper leaves 

O O sucrose content of 3 lower leaves 

• • sucrose content of stems 

and 17®C. light temperature. Since the sucrose content of stems was 
not included, the whole curve lies slightly above that of the second 
experiment, but even though the light conditions were totally different 
(dark and cloudy in the first, full sun in the second experiment), the 
two cuiwes are similar. 

In another experiment the sucrose concentration in loaves and stems 
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wab determined upon placing the plants in full bunlight after they had 
been kept for various periods in darkness. Fig. 4 gives most of the data. 
The upper curve is the sucrose content of control plants kept normally 
in the gi’cenliousc at 18®C. during day and from 16:00 until 8:00 in 
the darkroom at 17®C. This curve is typical except for the slow rise 

TABLE I 


C, AT, AfiA, Sucrose and Reducing Sugars in Per Cent of Dry Weight of Upper 
LcaveSf Lower Leaves and Stems of Tomato Plants^ Kept for Hours 
in Darkness, and Then Exposed to Full Sunlight at 18^C, 


Material 
CoUeciod at 

Elementary Analysis 

Micio 

Dumas 

Nitro- 

Caibon Content of 
Samples Reducing 
AU Values to 
Constant 

Sucrofac 
Content 
per cent 
Dry 
Weight 

Re- 

ducing 

Sugars 


Hydro- 

gen 

Cai- 

bon 

Ash 

gen 

Nitrogen 

Content 


Upper Leaves 










5.84 

38.61 

15.57 

4.83 

38.6 

38.6 

3.16 

3.44 


5.80 

37.92 

15.43 


32.1 

38.3 

0.48 

2.56 

11:15 Oct. 26 

5.54 

37.59 

17.92 

5.33 


32.7 

0.68 

3.28 


5.55 

38.41 

16.43 


36.8 

36.4 



13:45 Oct. 26 

5.52 

37.46 

16.20 

5.14 

35.2 

36.0 

2.42 

3.88 

Lower Leaves 










5.45 

34.64 

21.19 

4.14 

34.6 

34.6 

KiB 

. 3.44 
2.46^ 


5.59 

35.28 

20.26 

4.52^ 


37.0 

11:15 Oct. 26 

5.43 

35.13 


4.48 


33.8 




5.21 

34.52 

21.13 

4.45 


34.6 

0.92 

4.10 


gifilf 

34.23 

22.23 

4.49 


32.6 

1.86 

3.48 

Stems 










4.87 

31.92 

22.68 

4.06 

31.9 

31.9 

1.40 

3.78 


4.85 

31.63 

21.89 

3.67 

35.0 

32.8 


2.10 

11:15 Oc<. 26 

4.63 

31.18 

24.15 

4.12 

30.7 

20.3 




4.91 

31.79 

26.11 

3.57 

36.2 

27.6 


2.64 

13:45 Oct. 26 

4.62 


21.10 

3.84 

32.1 

32.6 


1.80 


in sucrose concentration in the leaves during an eight hour day. At 
the six points indicated (4:00 P.M., Oct. 24; 8:00, 10:00 A.M., Noon, 
2:00 and 4:00 P.M., Oct. 25) groups of plants were taken out of the 
greenhouse and brought into the darkroom at 17®C. On October 26 
all these plants were returned to full sunlight in the greenhouse kept 
at 18®C., and at intervals of 1| hour, five plants were harvested and 
dried. The longer the plants had remained in darkness the lower was 
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the sucrobe content of the upper leaves when they were taken out of 
the darkroom at 10:00 A.M. (of lower leaver and stems it was erratic). 
In the course of 3f hours in light their sucrose concentration rose 
again as indicated by the lower graphs of Fig. 4. 

The same dried material which was used as sample for the sucrose 
determinations, was analyzed for C, H, N and ash content. Dr. G. 
Oppenheimer carried out the elementary analyses and the Dumas 
nitrogen determination. Table I gives the results. The harvested 
tomato plants were not uniform enough to use the dry weight of the 
samples as a basis for calculation of increase in carbon due to assimila- 
tion in light. Therefore, the nitrogen values were used as reference 



Fig. 5 

Diy Weight of Leaves Harvested at IJ Hour Intervals After They Have Been 
Placed in Full Daylight at 9:00 at 18°C. (same plants as analyzed in Fig. 6) 


O O Weight of two youngest leaves 

A A Weight of two medium leaves 

□ □ Weight of two oldest leaves 


values, assuming that these changed least during the light and dark 
periods. During darkness the nitrogen values increase relative to the 
carbon and hydrogen values. In light the reverae process occurs. By 
calculation we fibnd that the change in C content during 42 houi*s in 
darkness equals 6.6 and 2.3% for upper and lower leaves. The change 
in sugar content (sucrose and reducing sugars) accounts for only 1.6 
and 1.3%. The discrepancy between the two methods of determination 
of the metabolism can mean: 

a. Nitrogen as the reference value for the carbon content is inade- 
quate. The ash content, however, seems much worse as reference value. 

b. Products other than sugars are formed and metabolized. 
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Although the latter possibility is not in keeping with Smith^s (1944) 
results (it ^\as found previously (Went 1944) that no starch was formed 
by tomatoes), this seems to bear out the rather consistent increase in 
dry weight of leaves harvested later in the day. Fig. 5 shows how the 
youngest leaves increased most in dry weight from 9:00 until 16:30, 



Fig. 6 

Sucrose Content (in Per Cent of Dry Weight) of Leaf Blades 


and Petioles Harvested Separately 
TTp]X‘r four curves: sucrose in top and in leaf blades. 

Lower three curves: sucrose in petioles 

A~. A sucrose in blades and petioles of youngest full grown leaves 

X X sucrojse in blades and petioles of second youngest leaves 

O O sucrose in blades and petioles of third youngest leaves 


while the oldest leaves did not show any appreciable over-all increase. 
The increase in weight of the upper and middle leaves was. much 
greater than the increase in sugars could account for. Therefore, it 
seems likely that, in addition to sugars, other substances are metabol- 
ized in tomato leaves. 
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Some experiments were carried out to study the fate of the sucrase 
in other parts of the tomato plant during both day and night. Fig. 6 
shows the sucrose content of leaf blade and petiole when these are 
harvested separately. The leaf blades show the usual rapid increase 
in the forenoon, whereas the petioles do not change at all. Therefore 
all photosynthetic sucrose production must have occurred in the leaf 


roots 



I 

0 


patiolas 



16 - 18 - 20 - 22 ** 24 - 8 - 



blodes 



Fio. 7 

Sucrose Content (in Per Cent of Dry Weight) of Tomato Leaf Blades (Lowest Curve), 
Petioles, Stems and Roots (Upper Curve) When Harvested at Several 
Intervals During Their Stay in Darkness at 8 °, 17° and 2 G°C. 

At 16:00 they were lemoved from gieenhoufce at 18°C. Mean values foi the upper 
three younger leaves, whole stems, and whole roots 

X X plants kept at 8 °C. 

O O plants kept at 17°C. 

0 plants'kept at 26°C. 


blade, whose sucrose content rose to 8%, which is higher than the 
values shown in Figs. 1 and 3, since the low sucrose content of the 
petioles did not decrease the sucrose content of the leaves. 

In one experiment well over 100 tomato plants, all kept at 18°C. in 
full sunlight, were divided into three groups, which were placed at 
16:00 in 26®, 17® and 8®C. darkness. At regular intervals samples of 5 
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plants each were harvested, to follow the sucrose movement during 
night. The results are shown in Fig. 7 The lowest graph (7a) represents 
the sucrose content Of the leaf blades of the 3 youngest full grown 
leaves. In the latter paiii of the night the leaves kept at 26°C. had 
consistently more sucrose than those kept at 17°C., which confirms 
the earlier results (Went 1944). In the 8®C. night, first a rapid rise 
in sucrose is follow^ed by a strong decrease. Obviously temperature has 
a dual effect; first, liberation of sucrose from some stored form, and 
later, removal of this sucrose. This dual effect makes interpretation of 
the data very uncertain. Yet a fair estimate of the transport of sucrose 
out of the tomato leaf can bo made by contrasting the sucrose values 
for the first half of the night with those for the second half. This is 
done in Table II. The difference can be ascribed to transport of 

TABLE II 

Sucrose CotUerU in Per Cent of Diy W&ght of the Leaf Blades of the 
3 Youngest FvXL Grown Leases 

(Means of the plants collected at 18 KX), 20:00, 22 XK) and 24:00 are contrasted 
against the mean of the collections at 4:00 and 8:00 later that night.) 


Night Temperature 

26® 

17® 

8® 

Sucrose content 18:00-24:00 

0.79 

0.90 

1.63 

Sucrose content 4:00- 8:00 

0.67 

0.62 

1.14 

Difference (translocation) 

0.12 

0.38 

0.49 


.sucrose out of the leaf blaxie, and this is greatest at the lowest temper- 
ature, as originally found with other methods (Wont 1944). 

The nejrt higher set of curves (7b) show that the changes in sucrose 
content of the petioles are not great, just as found in Fig. C. 

In the stems (Fig. 7c) a great reduction in sucrose content takes 
place in the early night; this is least at the lowest temperature. 

In the roots (Fig. 7d) the situation is just the opposite from that in 
the leaves. At the lowest temperature there is first a rapid decrease in 
sugar content, but later the sucrose increases. At the highest temper- 
ature the sucrose content drops most. Since the increase in sucrose 
content of the roots parallels the rate of sucrose loss in the leaves 
(Table II), it is another indication that the sucrose found in the roots 
is derived from the leaves, and that the rate of sugar translocation in 
a tomato plant decreases as the temperature rises from 8® to 26®C. 
(Went, 1944). 
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Discussion 

Photosynthetic sucrose formation does not necessarily follow photo- 
synthetic CO 2 reduction. Although, in the tomato, sucrose is the onlj' 
carbohydrate which shows daily fluctuations in concentration (Went, 
1944), and although in the sunflower 98% of all CO 2 reduced in light 
can be accounted for as carbohydrate (Smith, 1944), the data of 
Table I and Fig. 5 suggest that compounds other than sugar are 
formed in light. This can be calculated in yet another way. In a 
number of fast-growing plants the rate of CO 2 reduction in light per 
unit leaf area strives towards a maximal rate, which is about 0.25 mg. 
CO 2 reduced per hour per square centimeter (in sugar cane values of 



9” I2** I5»* IS** 


Fig. 8 • 

Comparison Between Total CO 2 Reduction (Left Ordinate, in mg. per 100 cm.® Leaf 
Surface) and Suciose Production (Right Ordinate in Per Cent of Dry- 

Weight) as Found in Tomato Leaves = • • 

Data of Kostytehew et aJ. (1930) for wheat = X X; of Kurssanow (1933) 

for apple == O O, and Mitchell (1937) for tomato = A A 

0.5 mg, were found, McLean, 1920). The maximal amount reduced 
by wheat over a whole day was 2.0 mg. (Kostytehew and Kardo- 
Syssoiewa, 1930; see Fig. 8). In tomatoes Mitchell found 1.2 mg. in 
7 hours illumination with an intensity near saturation. For apple 
leaves this value was 1.1 mg. in a whole day (Kurssanow, 1933; Fig. 8). 
If this were all converted to carbohydrate an increase in weight of 
0.7-1. 3 mg. dry weight per cm.® leaf area could be expected, or, since 
in tomatoes the dry weight per cm.® equals about 2.3 mg., an increase 
in dry vreight of 35-55%. From Fig. 5 an increase of 35^85% can be 
calculated. Since the increase in sucrose is only 8% at most, sucrose 
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production can account for only 10 - 20 % of the total increase in dry 
weight. 

If it is conceded that sucrose represents only a minor part of the 
products formed photosynthesis, there must be an equilibrium 
between sucrose and the other photosynthctic products, otherwise 
the curve for sucrose formation would not follow so closely the rate of 
photosynthesis (see Fig. 8). In the early afternoon photosynthetic 
CO 2 reduction decreases and practically stops, sucrose formation comes 
to a halt, and effective photosynthesis as judged by total plant weight 
stops at about the same time (Went, 1945). 

Is the 8% sucrose, based on dry leaf blade weight, not very low as 
the maximal sugar concentration, which can be attained in a leaf? 
Since the diy weight is about 13^^ of the wot weight, the actual 
overall sucrose concentration in the leaf blade reaches only 1.0%. 
But part of the blade, such as veins and epidermis, presumably does 
not contribute to the sucrose production so that we can roughly 
estimate the sucrose concentration in the palisade and spongy paren- 
ch 3 ana to reach 2%. This sucrose is formed in or near the chloroplasts; 
at least inside the cytoplasm. All osmotic investigations have shown a 
very low permeability of the tonoplast for sucrose. Since the sucrose 
content of tomato leaves increases so rapidly during day and decreases 
equally rapidly during night, it is unlikely that much of the photo- 
synthetic sucrose ever reaches the vacuole. 

The cytoplasm in palisade and spongy parenchyma does not occupy 
more than 10 to 15% of the cell volume, so that we come to the 
conclusion that the actual sucrose concentration in the cytoplasm 
must reach somewhere between 14 and on a wet weight basis. 
It is quite possible that 20% sucrose is the highest concentration at 
which the photosynthetic process can proceed; beyond that chemical 
processes might either be inhibited or slowed down by the accumulation 
of reaction products (for experimental evidence sec Kurssanow', 1933). 
These possibilities satisfactorily explain the curve of photosynthetic 
sucrose formation (Figs. 1, 3, 6 and 8), which all reach a final level 
asymptotically. 

It should be pointed out that this 14-20% sucrose, as calculated to 
be produced in the cytoplasm, corresponds mth the 15-20% sucrose 
concentration as found in the sieve tubes, so that it is quite possible 
that the sieve tube contents are pure cytoplasmic sap, and that sucrose 
is not concentrated as it enters the sieve tubes. This makes it possible 
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to conceive the movement of sucrose from leaf cells to sieve tube as a 
diffusion or streaming process along a concentration gradient. It also 
would remove the objections raised by so many investigators against 
the theories of sugar transport of Mason and of Munch, namely, that 
the soluble sugar concentration in receiving organs so often is higher 
than in the supplying tissues. But in both sugar cane and sugar beets 
the sucrose content of the storage tissue never exceeds 20%, which is 
another reason to assume that 20% sucrose is a critical value, reached 
in cytoplasm, in sieve tubes and in storage tissue, assuming that 
this is the maximal concentration to which photosynthesis can build 
up sucrovse, and that this concentration is passed on from cell to sieve 
tube to storage tissue without becoming diluted or side-tracked into 
vacuoles on its way, a great simplification is achieved in the auxiliary 
hypotheses necessary to explain sugar transport inside the plant. At 
the same time this simple assumption, based on experimental evidence, 
removes some of the most serious objections against current theories 
of sugar transport. 


Summary 

The sucrose content of leaves, petioles, stems and roots of tomato 
plants has been followed in the course of 24 hours. During the day the 
sucrose content of petioles and stems remains fairly constant, but in 
leaf blades it increases rapidly during the forenoon, slowly during the 
afternoon. During the night the sucrose disappears again from the 
leaves, and can be retrieved partially in the roots. The significance of 
these data in relation to theories of sugar translocation is discussed. 
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Introduction 

Two years ago, when the present investigation was begun, no 
accurate quantitative data were available on the component fatty 
acids of human milk fat. The most detailed investigation of the nature 
of the acids of this fat had been reported from this Laboratory by 
Bosworth (1) in 1934. Earlier papers concerned with the composition 
of this fat were by Ruppel (2), Laves (3), Arnold (4), Bardisian (5), 
Polonovski (6) and Roller (7). Fatty acids recognized before Bosworth’s 
work were the usual saturated acids from butyric to stearic and oleic 
acid. Bosworth presented evidence for the following additional acids: 
decenoic, tetradecenoic, hexadecenoic, linoleic and arachidonic. He 
also inferred the presence of several acids of carbon series above Cis. 
Linoleic and arachidonic acids were identified by isolation of their 
characteristic bromine addition products. 

In 1944 two papers appeared describing quantitative analyses of the component 
acids ot human milk fat. The first oi these, by Hilditch and Meara (8), reported 
analyses of two specimens in early lactation and two in late lactation. The second 
paper, by Balden and Longonecker (9), included results on two specimens taken 
during the first three days of lactation and on one mature specimen. A later paper 
from Hilditch’s laboratory (10) includes an analysis of an additional specimen in 
connection with a detailed evaluation of glyceride structure. In Table I we have 
summarized these results, and have included for purposes of comparison our analysis, 
described later in the present report. 

The results reported from the Hilditch and the Longenecker laboratories differ 
chiefly in the following respects. The former group foimd no acids below Cio and 
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TABLE I 

The Component Fatty Acids of Human Milk Fat 


Ah Esters 

Baldwin and 
Longenet'ker (9) 

Hilditch and Meara (S, 10) 

Piesent Woik 

1st and 
2nd 
days 

3id 

day 

Ma- 

ture 

Eaily 

(F.A.) 

Early 

(Fat) 

FuU 

(F.A.) 

Late 

(Fat) 

(Fat) 

I 

II 

Iodine No. 

— 

— 

— 

56.0 

52.1 

64.7 

48.2 

00.1 

01.7 





All mluea in weight per cent 




Butyric 

0.2 

0.3 

0.4 

— 



— 



— 

tr.? 

tr.? 

Capioic 

0.1 

O.l 

0.1 


— 

— 

— 

— 

— 

— 

Capiylic 

O.S 

O.l 

0.3 

— 

— 

— 

— 

— 

ti. 

0.1 

Capric 

3.J 

0.9 

2.2 

2.7 

0.8 

1.7 

0.5 

1.4 

1.4 

2.1 

Laurie 

0.9 

2.0 


.Kl 

O.l 

6.4 

7.0 

5.9 

5.4 

4.8 

Mi nstio 

2.8 

4.9 

8.5 

8.1 

10.8 

7.6 

13.9 

7.9 

6.7 

6.6 

Palmitic 

24.0 

27.S 

23.2 

22.5 

24.G 

22.4 

24.1 

23.0 

21.0 

21.6 

Stearic 

9.9 1 

7.7 

6.9 

8.3 

7.3 

9.0 

9.6 

7.0 

6.8 

6.8 

Arachidie 

4.9 1 

2.7 

1.1 

1.0 

1.8 

0.9 

— 

1.1 

See 0) 

See t*> 

Decenoic 

0.2 

0.1 

0.1 

tr. 

tr. 

tr. 

tr. 


ti. 

ti. 

Dodecenoic 

0.1 

0.1 

01 

0.1 

0.1 

0.1 

0.1 

0.2 

O.l 

tr. 

Tetradecenoic 

0.1 

0.2 

0.6 

1.3 

0.4 

0.5 

0.9 

0.7 

0.7 

0.4 

Hexadecenoic 

1.8 

2.9 

3.0 

3.1 

3.3 

3.7 

2.8 

5.3 

2.7 

2.6 

Oleic (Octadecenoic) 

3(i.0 

37.1 

36.3 

36.4 

32.8 

36.0 

30.2 

35.6 

39.1 

39.3 

Octadecadienoic 

7.5 

6.2 

7.8 

7.9 

6.3 

8.2 

o.«> 

7.8 

10.3 

10.4 

Octadecatricnoic 

0.3 

0.3 

0.4 


— 

— 



0.5 

0.3 

Octadecatetrenoic 

— 

— 

— 

— 

— 

— 

— 


0.2 

0.2 

Arachidomc 

1.8 

1.0 1 

0,9 


_ 

— 

— 


0.8 

0.8 

Cao and Above Unsat’d 

4.0(») 

1 

4.7^») 

1 

2.4^« 

3.6 

0.7 

2.9 

5.4 

4.1 

4.310 

3.6<*) 


Both saturated and unsaturated. Includes 1,6% C 20 , 1.7% C 22 , and 1.0% C 24 . 
Both saturated and unsaturated. Includes 1.1% C 20 , 1.9% C 22 , and 0.6% C 24 . 
Reported as eicosadienoic. 


reported the pi*esence of linoleic acid. Baldwin and Longonecker, on the other hand, 
found 0.8% of acids below Cio, including 0.4% of butyric acid, but, with the small 
quantities of matenal at their disposal, they could identify no linoleic acid by isolation 
of the chai’actcrist-ic tetrabroinide, although octadecadienoic acid was demonstrated 
spectroscopically, os well as octailecatrienoic a<jid and probably higher ai‘ids of 
these types. 

In the present work we planned to secure a large specimen of milk 
fat, so that in the course of application of the ester-distillation method 
we would have sufficiently lai*ge main fractions available to permit 
their resolution by the low temperature crystallization procedures 
described in a previous analysis of the acids of human body fat (11). 
Thus, our two analyses are based on distillations of 398 and 337 g. 
batches of esters, respectively, of the same fat specimen. For several 
reasons we believe our second analysis to be somewhat more accurate. 

In addition to applying the ester fractionation procedure to two 
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specimens of the fat and the crystallization method to the main 
fractions we. have emploj^ed the spectroscopic method, after alkali 
isomerization, to the original fat, to the mixed esters and to the Cis 
fraction. We were unable to find more than traces of acids below Cio, 
as noted by Hilditch and Meara. With reference to linoleic acid, less 
than half of the octadecadienoic acid was shown to be linoleic acid, 
but this latter acid was definitely identified, thus confirming Bosworth’s 
results. The presence of trienoic acids, both in the Cis and in the higher 
series, was verified spectroscopically but, vdth respect to the former, 
no appreciable amounts of linolenic acid were found. Evidence was 
presented for the presence of an octadecatetrenoic acid. All of the 
analyses in Table I confirm the presence of arachidonic acid as first 
reported by Bosworth. 


Experimental 

Description of Specimen 

W’c are greatly indebted to Dr. David W. Goltroan and to Mrs. Louise Schwartz 
of the Variety Club Mother’s Milk Bank, The John Gaston Hospital, Memphis, 
Tennessee, for their interest and cooperation in the present work; and to Mrs. 
Schwartz, especially, for her aid in connection with the collection and shipment of 
52 liters of human milk. This milk was collected from colored and white mothers, — 
about 3/4 from colored women, at various stages of lactation. It was frozen at the 
time of collection, and was shipped to us in that state in a special container, packed 
in dry ice. It was shipped in three lots, collected over three periods. Upon arrival 
in our laboratory the milk was melted and passed twice through a hand centrifugal 
separator. Attempts to separate the butter fat from the cream by churning failed, 
but after shaking for four hours at 15-20®C.’, a fat layer formed readily when w'armed 
on the steam bath. This layer was separated, water was removed by warming under 
reduced pressure, and curd was removed by filtering while warm. The yield of 
fat from the first 10 gals, of milk was 1141 g. The total final specimen available for 
investigation amounted to 1300 g. 

Analyti(*al data on the final composite specimen were as follows: Iodine No., 
61.65; Sap. No., 204.7; Reichert-Mcissl No., 0.64; n®**, 1.4598; m.p., 26-26.5®; 
unsaponifiable, 0.46%. The iodine number of this specimen is even higher than 
that reported by Hilditch and Meara, 60.1, in their latest work (10) and is con- 
siderably higher than the values usually reported for hmnan milk fat, 50-55. It 
was to be expected, therefore, that somewhat larger quantities of the principal 
unsaturated acids would be found in this specimen than in specimens of lower iodine 
number. 


Preparation and Distillation of Methyl Esters 

In applying the ester fractionation procedure, Baldwin and Longe- 
necker first removed phospholipids from the fat, removed steam- 
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volatile acids, and pi*epared and distilled the methyl esters of the 
non-volatile acids. Their results were obtained on relatively small 
specimens of fat (20-4G g.), and are a reflection of the remarkable 
eflSciency of manipulation achieved in their laboratory. Hilditch and 
Meara worked with considerably larger specimens of milk fat and 
fatty acids. After steam distillation, they separated the non-volatile 
acids into saturated and unsaturated acids, prepared the methyl esters 
of each group separately, and distilled them, which is the usual 
procedure employed by this group. 

Our procedure differs from either of the above, in that we prepared 
the methyl esters directly from the whole fat by the usual method and 
made every endeavor to recover low boiling material, as noted later. 
We did not separate the acids into saturated and unsaturated, but, 
rather, prepared main fractions, as far as possible, and calculated their 
composition from molecular weights and iodine numbers, and, in the 
Cis fraction, by other procedures. Further, our main fractions were 
examined by low temperature crystallization. 

In our first ester-distillation run, 423 5 g. of the fat was refluxed 44 hrs. wth 
1200 cc. of acidified C.P. methanol. About 800 cc. of the methanol was distilled 
off at ordinary pressure, and 1500 cc. of water was added to the residual esters. 

After shaking, the ester layer was separated and transferred to a 1000 cc. Claisen 
flask. Remaining water and alcohol were removed by warming under reduced pressure, 
alcohol and low-boiling distillate being caught m a trap cooled with dry ice. The 
residual crude esters, 421.4 g., were then distilled into a flask cooled with ice water, 
again protected against loss by the use of a trap cooled with dry ice. The residue 
from this distillation amounted to only 2.4 g., and was assumed to be composed 
mainly of unsaponifiablc. The distilled esters amoimted to 417.4 g.; their constants 
were: Iodine No., 61.7; m.w., 273.8; SON No., 50.8; polybromido No., 0.79. By the 
use of a curve showing the relationship between the weight of methyl arachidonatc 
and the yield of methyl octabromoarachidatc upon bromination, this material was 
shown by interpolation to contain 1.0% of methyl arachidonate.* 

The alcohol distillates, water layer removed above, and contents of the traps, and 
also 2.0 g. of material, recovered later in a trap during the distillation of these esters, 
w’ere combined, an excess of KOH added, and, after saponification by boiling for 
12 hours, the alcohol and water were removed by heating under reduced pressure. 
The residue was acidified with 50% sulfuric acid, and exhaustively steam distilled. 
From the aqueous residue 2.4 g, of insoluble fatty acids were recovered of molecular 
weight 265.9. The steam distillate was repeatedly extracted with ether. The residual 


* Data for this curve, and also for one showing the relation between yields of 
hexabromido from varying amounts of linolenic acid, wore obtained by Miss Mary 
Frechtling, and arc to bo published soon. 
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water bolution was titrated with 0.1 N NaOH, the result being equivalent to 8 mg. 
of butyric acid, although the odor of this acid could not be detected. The ether 
extract was dried over sodium sulfate, the ether distilled off and the residual acids 
distilled from a small Claisen flask fitted with an indented side arm. The distillate 
amounted to 0.5 g. of m.w. 189.3, and the residue 1.0 g. of m.w. 198.2. The ether 
from this distillation, as well as the sodium sulfate used in the drying, was shaken 
with water and titrated with alkali. Titration values corresponding to 40 mg. of 
butjrric acid were obtained, although again there was no evidence of the odor of 
this acid. Assuming the total recovery of butyric acid to be 48 mg., as indicated 
above, this amount is still only about 0.01% of the original esters. The several 
fractions of higher acids, recovered in the course of these manipulations, were appor- 
tioned on the basis of molecular weight to the several carbon series in the course of 
calculating from the results of the main distillation which is now to be reported. 

Distillation of the Methyl Esters of Human Milk Fat Fatty Acids and 
Analyses of the Fractions 

A charge of 398.2 g. of the esters was fractionally distilled through the efficient 
column in use in this laboratory. As a result of this distillation there were available 
thirteen fractions and residue (Ri), the latter including the column hold-up. After 
analysis of Ri, the remainder of this fraction was redistilled from a small Claisen 
flask with a special indented side arm. The weights of the resulting six fractions 
and residue R 2 were corrected to account for the original 43.0 g. of Rj, Results of 
the two distillations with fraction analyses are shown in Table II. 

In Table II fraction 4 was considered to be pure C12 material, 
fraction 8 as Cie and 10, 11, 12 and 13 as Cis estei*s. Other fractions 
were apportioned to the several carbon series on the basis of molecular 
weight. Thus, for example, the 43.0 g. of Ri, from analysis of the 
fractions and R2, was found to be composed of Cis, 23.0 g.; C20, 9.4; 
C22, 6.7 and C24, 3.9 g. As the iodine numbers of the several Ri fractions 
were approximately those of monoethenoic esters, calculations were 
based on the theoretical molecular weights of the monoethenoic estei’s 
of these series. 

The second ester preparation from 345 g. of fat and distillation of 
the resulting esters were carried out as described above, except that 
the esters recovered in the dry ice trap in the course of the main 
distillation were analyzed directly, instead of being added to the low 
molecular weight acids. A somewhat larger recovery of ‘^butyric 
acid’’ was achieved in this operation, — 200 mg. This amount is still 
only 0.06% and its identity as butyric acid is considered questionable* 

Results of calculations of the amounts of the several carbon series 
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TABLE II 

Results of Fractionation of the Methyl Esteis of Human Milk Fat and Fraction Analyses 


Fraction 

Wt. 

"C. g. 

Main Distillation 398.2 g 

Iodine 

No. 

Mol. Wt. 
Esters 

C 

Scries 

1 

66-74 

2.9 

1.9 

184.3 

Cs-C,o 

2 

74-94 

2.8 

1.9 

198.9 

C10-C12 

3 

94-97 

8.4 

1.3 

210.0 

Cl0*-Ci2 

4 

97 

4.7 

2.1 

213.2 

C12 

5 

97-120 

9.4 

3.2 

220.2 

C12-C14 

6 

120-3 

31.0 

10.0 

246.5 

Cl 4 --Cl 6 

7 

123-41 

8.2 

20.0 

265.4 

C14-C16 

8 

141-4 

76.6 

10.9 

269.4 

C16 

9 

144-55 

12.1 

76.2 

286.7 

C16--C18 

10-11 

155-7 

167.2 

95.3 

295.0 

C18 

12 

157-63 

19.8 

69.4 

295.9 

C18 

13 

163 

8.0 

77.9 

296.4 

Ci8 

Ri 


43.0 

92.7 

312.7 

Cl 8 ”C 24 


Total 

394.1* 





Redistillation of Ri 




Ri-1 


4.5 

76.2 

299.9 

Cl8~O20 

Ri-2 


13.8 

78.1 

300.9 

C18-C2O 

Ri-3 


10.6 

89.7 

304.7 

Cl8~C20 

Ri— 4 


3.5 

117.2 

321.1 

C 18-020 

Ri-5 


3.0 

128.6 

360.6 

C22-C24 

Ri-6 


1.6 

113.9 

360.6 

C 22 -C 24 

R 2 


6.0 

41.2 

363.8 

022-024 


Total 43.0 

* An additional 4.1 g. was recovered in the course of working up the original 
esters, as explained in the text. The amounts of acids thus recovered were assigned 
to the appropriate carbon scries on the basis of the molecular weights. 


of this specimen of human milk fat from the analyses of the fractions 
obtained from the two distillations are shown in Table III. 


Resolution of Ester Fractions by Low Temperature Crystallization 

Percentages of decenoic, dodecenoic, tetradecenoic and hexadecenoic 
acids (esters) in Table I were calculated from the iodine numbers of 
the several fractions, on the assumption that monoethenoic esters 
are the only unsaturated esters present in these series. In order to 
verify the presence of these unsaturated acids and to study the Cis 
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TABLE III 

The Caihon Series of Human Milk Fat 


Series 

I 

Distillation 

II 

Cb 

tr."* 

Weight Per Cent 

0.1- 

Cio 

1.4 


2.1 

C12 

5.5 


4.8 

Cl, 

7.4 


7.0 

Ci 6 

23.7 


2L2 

C 18 

56.9 


57.4 

C20 

2.4 


1.9 

C ^22 

1.7 


1.9 

C 24 

1.0 


0.6 

1 0.06% respectively. 





series and above more fully, the main fractions, /.e., those which 
represent ester mixtures of almost entirely one carbon series, have 
been separated into their component esters by low temperature 
ciystallization. 

The Ci 2 Esters, Fractions 3 and 4 of Table II and a corresponding 
fraction from distillation II were combined and treated by the pro- 
cedure described in Chart 1. 


Chart 1 

CrystaUization of Cn Esters 


Cij esters 

11.9 g. in 900 cc. MeOH 
Cooled to — 70®C. 


I 

Ci: 11.6 g. 

Saponified. 

11.4 g. acids. 

Twice crystallized from 
550 cc. petrol ether at — 36®C. 
i 


Fii 0.3 g.; 

Iodine No., 28.8; 
m.w., 214.5. 
Composition: 

24% dodecenoate; 
76% laurate. 


C2 F2:1.7g.; 

9.4 g. lauric acid. Iodine No., 7.3; 

Iodine No., 0.7; m.w., 199.1; m.w., 207.1. 

m.p., 43.3-43.5® 


The presence of dodecenoate in the C 12 fraction is fully substantiated 
by the data in Chart 1. The molecular weights of Fi and F 2 indicate 
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the presence of small amounts of C14 acids in the fractions studied. 
C2 is lauric acid of about 99% purity. 

The CiA Esters. The C14 main fractions of the two distillations were 
combined and crystallized as described in Chart 2. It is to be noted 
that fraction 6 contains about 14% of Cie esters. 


Chart 2 

CrystaUizatim of Cn Fractions 


Fraction 6 (1st di&t.): Iodine No., lO.O; m.w., 246.5 
Fraction 5 (2nd dist.l: Iodine No., 6.6; m.w., 241.9 
38.8 g. in 2500 cc. MoOH. 

Cooled to — 60°C. 

4 


Cl 

Added 2500 cc. MeOH 
Cooled to — 60®C. 

4 

Cj: 33.4 g.; 

Iodine No., 0.1; 
m.w., 246.6. 

86% myristate; 

14% patmitate. 


Fi*'3.5 g.; 

Iodine No., 73.2. 

2.4 g. tetradeoenoatc; 
1.1 g. myristate. 

F^: 1.4 g.; 

Iodine No.. 58.2. 

0.8 g. tetradecenoate; 

0.6 g. myristate. 


Calculated from the iodine numbers of Fi and F2 in Chart 2, 3.2 g 
of methyl tetradecenoate was recovered, or approximately 8.3% of 
the Ci4 esters. The total amounts of C14 esters found in the two 
distillations were 7.4 and 7.0% respectively; applying the percentage 
of 8.3 to the two values gives 0.61 and 0.58% tetradecenoate for the 
two runs, whereas by direct calculations from the iodine numbers the 
values were 0.7 and 0.4% respectively. These latter values are con- 
sidered to be more accurate and arc recorded in Table I. 

The Cie Esters. The Cie main fractions of the two distillations were 
crystallized separately with almost identical results. Chart 3 describes 
the procedure which was used for the resolution of the esters of the Cie 
fraction of the second distillation. 

The results in Chart 3 show a remarkably efficient separation of the 
methyl esters of palmitic and hexadecenoic acids. Thus, in two crystal- 
lizations most of the material has been separated into and isolated as 
nearly pure methyl palmitate and 95.2% methyl hexadecenoate. The 
hexadecenoate, calculated from the iodine numbers, amounts to 10,8% 
of the material ciystallized. This percentage multiplied by the total 
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Charts 

Crystallization of Cie Esteis 


59.1 g.; Iodine No., 10.2; m w., 268.8. 
Dissolved in 3600 cc. jSIeOH. 

Cooled to — 50°C. 


I 

Cl 

Added 3600 cc. MeOH 
Cooled to - 50°C. 

^ 

Co: 61.8 g.; 

Iodine No., 0.0; 
m.w., 269.3. 

Methjd palmitate. 


Fi;5.8 g.; 

Iodine No., 90.2; 
m.w., 270.9. 

95.2% methyl hexadecenoate; 

4.8% methyl palmitate. 

Fs: 0.9 g.; 

Iodine No., 80 5. 

85% methyl hexadecenoate: 

15% methyl palmitate. 


Ci6 fraction of Table III (24.2%) gives 2.6% of the original esters 
which agrees exactly with the value reported for this ester in Table I, 
w^hich was obtained by calculation of the hexadecenoate from the 
iodine numbers of the original fractions. 

The methyl palmitate of Chart 3 w’-as combined with the corre- 
sponding fraction resulting from crystallization of the Cie fraction 
from the first distillation. Part of this material w^as redistilled yielding 
pure palmitate of Iodine No. 0.0; m.w’. 270.0; and m.p. 29.8°C. The 
remainder, 40.0 g., was saponified, and the acid w^as crystallized once 
from 1500 cc. acetone at — 20°C. The resulting crystals of pure 
palmitic acid analyzed as follow's: Iodine No. 0.0; m.w. 255.6; m.p. 
63.0-63.4®. The hexadecenoate fractions from the tw'o crystallizations 
w'ere combined, saponified and the resulting hexadecenoic acid distilled, 
yielding 8.8 g. of acid: Iodine No. 94.8; m.w'. 255.5; m.p. — 1.6 to 1.4®. 
This melting point agrees with the value found for 9,10-hexadecenoic 
acid, isolated in a somewhat purer state from menhaden oil Smith 
and Browm (12). 

The Cis Esters, As W'e wished to study the unsaturated acids of this 
series in great detail, the several fractions from the tw'o distillations, 
containing only Cis estei-s on the basis of molecular w'eight, w'ere 
combined. Our results with respect to Cis acids in Table I are based 
on data obtained on this composite sample, rather than on the re- 
specfive fractions from each run. Differences in Table I with respect 
to this series are due therefore to differences in recovery in the two 
distillations, as noted in Table III, namely 56.9 and 57.4% respec- 
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tively. As a result of the decision to follow this course we had available 
about 325 g. of the esters in question. In distillation I the fractions 
used (Table II) were 10, 11 and 12. The composite specimen gave the 
following constants: Iodine No., 93.4; SCN No., 77.8; ether-insol. 
bromides, 0.0. 

A specimen of the Cis esters was partially separated into its compo- 
nents by the procedure described in Chart 4. 


Chart 4 

CrystaUizatim of Cn Ezte}s 


100.3 g. in 4000 cc. MeOH. 

Cooled to — 20°C. 

Cl washed with Fi 

750 cc. MeOH 
previously cooled 
to - 50®C. 


C2:12.2g.; i 

Iodine No., 4.1. \ combined 

95% methyl stearate. Cooled to — 60°C. 

* i 

Ca 

Dissolved in 4000 cc. MeOH. 
Cooled to — 60®C. 

4 

c. 

Recrystallized 
as before 

i 

C. 

Recrystallized 
as before 


F, 

23.8 g.; 

Iodine No., 150.8. 


F. 

4.9 g.; 

Iodine No., 122.1. 


F. 

2.4 g.; 

Iodine No., 88.4. 


4 

C, F, 

64.3 g. 1.8 g.; 

Distilled. Iodine No., 84.4. 

53.1 g.; Iodine No., 85.2. (Methyl olcale) 

(Methyl oleate) 


The composition of C 2 in Chart 4 was calculated as a mixture of 
stearate and oleate; of C« and Fe as oleate and of Fr-Fs inclusive as 
binary mixtures of oleate and linoleate. The total recovery was 99.4 g. 
Such a calculation shows the Cig esters of this specimen of fat to 
consist of: stearate, 11.8; oleate, 68.1; and linoleate, 20.1%. A second 
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batch of esters, crystallized by a similar, but not identical procedure, 
gave the following composition; stearate, 11.4; oleate, 68.6; and lino- 
leate, 20.0%. The average result by this method was; stearate, 11.6, 
oleate, 68.3; and linoleate, 20.1%. The composition of this material 
was further evaluated from the thiocyanometric equations of Cramer 
and Brown (11) Avith these results: stearate, 10.2; oleate, 70.5; and 
linoleate, 19.3%. In the above calculations from both crystallization 
and thiocyanometric data, the assumption was made that no trienoic 
or tetrenoic esters were present, the assumption being based on 
obtaining no ether-insoluble bromides when the Cis esters were 
brominated.* 

In view of the fact that Baldwin and Longeneckcr found a small amount of octa- 
decatrienoic acid in human milk fat spectroscopically, the importance of testing the 
present specimen of Cia esters by this method was obvious. Since wc are not at 
present equipped for this work, wc were glad to accept the offer of Drs. Kraybill 
and Beadle, of the American Meat Institute Laboratory, Chicago, Illinois, to carry 
out this analysis, as well as the examination of the original fat and the mixed esters 
described later, for us. We wish to express our indebtedness to them for these results, 
from which certain important conclusions are possible. 

TABLE IV 

ConipoBiticn of the Cis Estere as EvaXualed hy Different Method 



Crystallization 

Method Used 
Thiocyanometric 

Spectroscopic’ 

Stearate 

11.6 

per cent 

10.2 

11.9 

Octadecenoate 

68.3 

70.5 

68.9 

Octadecadienoate 

20.1 

19.3 

18.1 

Octadecatrienoate 

— 

— 

0.8 

Octadecatetrenoate 

— 

— 

0.3** 


* Eesults of three determinations by Kraybill and Beadle. 

** Calculated as arachidonatc, but recorded here as octadecatetrenoate. 

In Table IV there are recorded the compositions of the Cw esters as 
calculated from the direct crystallization and thiocyanometric data, 
which calculations do not take into account trienoic and tetenoic 
esters, in comparison with the results obtained by Kraybill and Beadle. 
For reasons which follow later, the unsaturated esters in this table 
are named non-specifically, rather than as oleate, etc. 

* This test is sensitive for esters of the arachidonate type, but not nearly so with 

' methyl linolenate, the hexabromido of which is more soluble. 
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The tliiocyanometric results in Table IV show up rather poorly for 
two reasons: (1) because stearate is determined by difference, and 
(2) because the octadecenoate and octadecadienoate results are throwm 
into error since they do not take into account the small amounts of 
more highlj^ unsaturated esters present. Values for stearate and 
octadecenoate agree well by crystallization and spectroscopically. 
Also, by crystallization the dienoate value includes tw^o, three and 
four double bond esters, and agrees well with the sum of these three 
esters as determined spectroscopically. 

The procedure in Chart 4 successfully isolated methyl stearate of 
about 96% purity (C2, 12.2 g.), methyl octadecenoate (Ce, 54.3 g.) 
and a number of filtrate fractions containing dienoate, and more 
unsaturated esters (Fa-Fs, 31 g.). In view of the previous finding of 
Millican and Brown (13) of octadecenoic acids other than oleic acid 
in a number of lipids of animal origin, including human body fat, 
lard and beef fat, the methyl octadecenoate above was converted 
into the free acid (Iodine No., 89.2) and repeatedly crystallize’d as 
described in Chart 5. 

Fraction Cn of Chart 5 is oleic acid of high purity, as is evidenced 
by its melting point, iodine number, molecular weight and melting 
point of the dihydroxy acid. Nearly 60% of the original mixture of 
octadecenoic acids was recovered as oleic acid. The several filtrate 
fractions, on the other hand, with the exception of Fg and Fio w^hich 
may have been the higher melting modification of oleic acid, gave 
melting points too low^ for oleic acid or for mixtures of oleic and stearic 
acids. For reasons summarized by Millican and Brown (13) the data 
in Chart 5 are strongly indicative of the presence of one or more 
isomeric octadecenoic acids in human milk fat. With the exceptions 
noted, the melting points of the filtrate fractions rose from 6.9°C. in 
Fs to 11.9°C. in Fn, which is an indication that each successive filtrate 
fraction is poorer in the isomeric octadecenoic acids. 

Our next objective w'as to study further the linoleate concentrates 
of Chart 4. Filtrates F3 and F4 of this chart, containing most of the 
linoleate, were combined, and the free acids were prepared: Iodine 
No., 152.5; m.w., 279.7; ether-insol. bromides, trace; tetrabromide no. 
(Tb. No.), 29.9. From the iodine number, and calculated as a binary 
mixture, these acids are composed of 32% octadecenoic and 68% 
octadecadienoic acids. On the basis of a theoretical tetrabromide 
number of 102.9 for pure linoleic acid (14), the mixture contains about 



FATTY ACIDS OF HUMAN MILK FAT 


213 


Chart 5 

Crystallization Study of Octadecenoic Acids 

42.7 g. in 2 liters petroleum ether 
Cool to — 65®C. for 1 hour 

i 

c; 

Eecrystallize 

i 


C 2 : 40.5 g.; 

Iodine No., 89.7; 
m.w., 281.9; 

SON No., 87.5; 
m.p., 12.4 to 12.5®C. 

35.9 g. Oleic acid. 

1800 cc. acetone. 

Cool to - 65**C. 1 hr. 

Fs: 
m.p, 


Fi: 0.5 g.; 

Iodine No., 76.7; 
m,w., 307,6 


Fa: 1.8 g.; 

Iodine No., 89-7; 
m.w., 348.38 




Saponify and again 
convert to acid. 
m.w., 287.8. 
Dihydroxy acid; 
m.p., 119.8-120.3°C. 


C3 

Eecrystallize 


1.4 g.; 
6.9"C. 


C4 

F.: 1.0g.;-4^ 

Recrystallizc 

m.p., 8.1°C. 

Cs 

Fj: 0.9 g.; — » 

Recrystallize 

m.p., 8.2°C. 

c. 

F,: 1.0 g.j >. 

Eecrystallize 

m,p., 9.0*^C. 

c, 

F 7 : 0.9 g.; i. 

Eecrystallize 

m.p., 9.1°C. 


Ca 

1550 cc. pet. ether 
Cool to — 62° 


Fa*. 0.8 g.; — 

m.p., 9.9°C. 


c, 

F,: 2.5 g.; 

Recrystallize 

m.p., 15.6°( 

c,« 

Fio: 0.6 g*;— ^ 

Eecrystallize 

m.p., 15.4^C. 

Cl,: 25.1 g.: 
m.p., 13.1“C. 

Fi,: 0.4 g.; >. 

m.p., IhO^C. , 


Combine 5.3 g. 
Distilled. 
m.w., 285.7; ' 

m.p., 9.1°C. 
Dihydroxy acid; 
m.p., 123.8-124.9®C. 


Distilled 


Res. 
0.3 g. 


Cii:24.8 g.; 
m.p.. 13.rC.; 
loine No., 90.03; 
m.w., 281.9. 

Oleic acid. 

Dihydroxy acid; 
m.p., 131.1 to 131.6°a 


Combined: 3.3 g.; 
Iodine No., 86.3. 
Dihydroxy acid; 
m.p., 123.5 to 125.0°C. 


29% of linoleic acid. By difference, the remainder of the mixture 
(39%) is composed of isomeric octadecadienoic acids, which do not 
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yield the usual petroleum ether-insoluble tetrabromides. Thus, about 
43% of the dienoic acids present is linoleic acid. It is to be noted 
that these calculations are only approximations, in part because of 
the spectroscopic demonstration of trienoic and tetrenoic acids in this 
fraction. The presence of both linoleic and isomeric octadecadienoic 
acids in this mixture is further borne out by analyses of the several 
sub-fractions in Chart 6. 


Chart 6 

CrysidUizaiion of Adds of Fz and (Chart 4) 


Cr. 6.4 g.; 

Iodine No., 141.6;^ 
Tb. No., 17.5; 
m.p. bromide 

112 .a- 113 . 7 ®C. 


19.7 g. acids 
(Iodine No., 152.5) in 
500 cc. acetone. 

Cool to - 70°C. 

Warm to — 64®C. and filter 

__A 

Fi 

Cooled to — 75®C., no ppt. 

250 cc. acetone removed. 

Cooled to — 75®C. 

i 

Oil 9.6 g.; F 2 : 3.6 g.; 

Iodine No., 158.3.* Iodine No., 155.5;* 

Add 250 cc. petroleum ether. Liquid at — 20®C.; 
Cool to - 68®C. Tb. No., 22.0 



C»: 3.2 g.; Fj: 5.5 g.; 

Iodine No., 162.9}'* Iodine No., 154.9;* 

Tb. No., 47.4. Tb. No., 46.2. 


* Calculated as binary mixtures of octadecenoic and octadecadienoic acids, iodine 
niunbeis show Ci to contain 57 (17) %, O 2 74%, Cj 80 (47) %, F* 71 (22) % and 
F] 71 (45) % octadecadienoic acid. Values in parenthesis are approximate linoleic 
acid contents, calculatod from the tetrabromido numbers. 


The identification of the trienoic and tetrenoic esters, sliown spectro- 
scopically to be present in the Cia esters, ■was next attempted. The 
original esters of this fraction gave no ether-insoluble bromides. 
Further, the filtrate acids, crystalUzed in Chart 6, and representing a 
four-fold concentration of the more unsaturated esters, yielded only a 
trace of polybromoacids. Miss Frechtling’s results, mentioned previ- 
ous^, showed that 25 mg. of linolenic add in 2 g. of a fatty acid 
mixture can be detected by this method; and that 3 mg. of methyl 
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arachidonate (and presumably arachidonic acid) wdll yield appreciable 
amounts of octabromide. These values, however, represent about the 
limit of sensitivity of the method. Thus the concentrate noted above 
contained less than these minimum amounts of either linolenic or 
arachidonic (tetrenoic) acids. The bromide test w^as not applied to 
the sub-fractions obtained in Chart 6. How^ever, a specimen of acids, 
similar to those used in Chart 6, was prepaied from another batch 
(131 g.) of Ci8 esters and, by crystallization from acetone, a concentrate 
of filtrate acids w^as prepared in w^hich the polyenic acids had been 
concentrated about nine times. A 2 g. specimen of this concentrate 
yielded 12.1 mg. of ether-insoluble bromide, which, by interpolation 
from our linolenic acid-hexabromide cur\^e, w^ould amount to 61 mg. 
of linolenic acid; calculated to the original Cu esters, this corresponds 
to a content of 0.3% of linolenic acid, whereas spectroscopically 0.8% 
of trienoic acid w^as found. However, the melting point behavior of the 
bromide (darkened and sintered without melting at 180®-230®) w'as 
definitely not that of hexabromostearic acid. We feel, therefore, that 
little or no linolenic acid occurs in human milk fat but, rather, an 
isolinolenic (octadecatrienoic) acid which does not yield the usual 
hexabromide melting at 180®C. 

The question of the nature of the tetrenoic acid in the Cis esters is 
more difficult to answ’er. Methyl arachidonate is the low'est boiling 
of the C 20 esters, and could conceivably be found in the Cis main 
fraction as a contaminant of this fraction. How^ever, the presence of 
arachidonate in this material does not seem likely in \’iew of the 
knowTi efficiency of the column used in the distillation. If the ester 
w'ere methyl arachidonate, the 12.1 mg. of ether insoluble biomide, 
mentioned previously, can be inteipolated as 21.4 mg. methyl arachi- 
donate in the sample brominated, or about 0.1% of the original Cia 
esters. The spectrophotometric finding was 0.3% of tetrenoate in 
these esters. These data are inconclusive, because the interpolation 
cun^e was based on bromination of methyl arachidonate and not on 
arachidonic acid as in the present instance. Evidence in favor of the 
view that the tetrenoic acid is actually an octadecatetrenoic acid was 
obtained as follows. It occurred to us that if the tetrenoate of the C 18 
main fraction was of the C 20 series, we w’'ould find less of it in the 
Ci6-Ci8 intermediate ester fraction than in the C 18 fraction, while, on 
the other hand, if it w’^ere an octadecatetrenoate, since this would be 
the lowest boiling of the C 18 esters, a somewhat higher concentration 
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of this material would be found in this intermediate fraction. Conse- 
quently, the Ci6“Cis fractions from the two main distillations were 
combined, the free acids prepared, and these were crystallized once 
from acetone. The filtrate acids thus obtained represented a concen- 
tration of polyenic acids of about three times; they gave a polybromide 
number of 0.2; the bromides again failed to melt at 180®, in fact 
remained a dark powder up to 250®. In view of the fact that this 
intermediate fraction employed as a starting material in this experi- 
ment contains about 35% of Cie esters, actually the Cig component is 
nearly twice as rich in tetrenoate as the Cis main fraction. We believe 
that this supports the view that an octadecatetrenoic acid occum in 
this specimen of fat. Since the original estem were shown spectro- 
scopically to contain 1.0% of tetrenoate, a result substantiated by the 
yield of bromides, we have apportioned this in Table I as 0.2% octa- 
decatetrenoate and 0.8% arachidonate. 

The presence of octadecatetrenoic acid (in the early literature this 
was called clupanodonic acid) in a milk fat has not been previously" 
described. This acid occurs in fish oils as a normal constituent, and 
it is possible that its origin in this specimen is dietary, since it is 
known that dietary fatty acids appear readily in milk fat. 

The Nature qf the Fatty Adds of Carbon Series Above Ci% 

Still-pot and column hold-up esters from the two main distillations 
amounted to about 43 and 32* g., respectively. In both instances, 
these esters, after analysis, were further fractionated, but the eflSciency 
of the column used was poor, so that main fractions were not obtained. 
By the use of the arachidonate-polybromide curve, mentioned previ- 
ously, these esters were shown to contain 1.7 and 2.5 g. of methyl 
arachidonate respectively, or, based on the original esters, 0.4 and 0.7%. 
Since an additional 0.2% of tetrenoic esters was found in the Cis esters, 
the total recovery of tetrenoic esters was O.C and 0.9% in the two 
distillations, as compared to 1.0% found by direct methods on the 
original esters. The difference here may be the result of loss of this 
type of ester by pyrolysis, etc,, during the prolonged distillation, the 
loss amounting to 0.4 and 0.1% in the two instances. 

Crystallization studies were carried out on several of the Ri sub- 
fractions and on the Rg fraction of Table II. In no case was more 
than 16% of saturated acids recovered, and these were all mixtures. 
Assuming Ri to contain this amount of saturated esters and also about 
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4% arachidonate, the remaining esters by calculation will have an 
iodine number of about 100 which is considerably above that of 
monoethenoic esters of the C 20 -C 24 series. Thus, appreciable amounts 
of dienoic or trienoic (or both) esters must be present in these series. 
At this point it occurred to us that valuable information concerning 
the nature of these acids could be obtained from a comparison of 
spectroscopic analysis of the Cis esters with a similar analysis of the 
original mixed esters. These results, together with data on the original 
fat, are shown in Table V. 


TABLE V 

Spectroscopic Analysis of Hmmn Milk Fat and Its Mixed Methyl Esters, 
in Comparison with Values Found in the Fraction 



Spectioscopic Analysis 

Amounts 

Total 

Total 


Fat 

Mixed 

FstOTb 


Recovered 
Below Cis‘ 

Cis and 
Below 

Above 

^lonoethenoic 

39.8 

41.1 

per cent 

39.3 

3.2 

42.5 


Dienoic 

12.6 

12.2 

10.3 

0 

10.3 

1.9 

Trienoic 

0,8 

0.8 

0.5 

0 

0.5 

0.3 

Tetrenoic 

1.1 

1.0 

0.2 

0 

0.2 

0.8 

Saturated 

45.8 

44.9 

6.8 

34.8 

41.6 

3.3 


^ From Table I. 

■*'* By subti'acting data in preceding column from values found on mixed esters. 


In Table V by subtracting the total amount of esters recovered in 
the Cig and lower fractions from the results found by spectroscopic 
analysis of the mixed esters it is possible to estimate the approximate 
amounts of various types of estei*s above Cis. Two inconsistencies are 
immediately apparent. More monoethenoic acids (1.4%) were re- 
covered in the Cis and lower esters than are found in the original esters. 
Further, differences in the two series of data show 3.3% of saturated 
acids to be in series above Cis, which is considerably more than 
crystallization data on the higher fractions seem to warrant. Further, 
the* C 20 and above material contained 1.9% of dienoic esters, 0.3% 
trienoic and, as noted previously, 0.8% of arachidonate. Baldwin and 
Longenecker reported strong evidence for the presence of high mo- 
lecular weight dienoic acids, based on spectroscopic examination of 
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their higher fractions. We feel that our evidence, although indirect, 
equally supports the occurrence of trienoic acids in these higher series, 
since the alternative view that 0.3% of trienoic material was destroyed 
during the distillation does not seem likely to be correct. 

Further inquiry into the occurrence of octadecatetrenoic and of high 
molecular weight dienoic and trienoic acids in human milk fat and 
into their possible occurrence in butter fat will be of considerable 
interest, both from the chemical and nutritional point of view. 

Summary 

A large specimen of human milk fat has been examined quantita- 
tively with reference to the amounts and nature of its component 
fatty acids. No evidence could be found for the presence of more than 
traces of acids below Cio. As a result of distillation of two specimens 
of methyl esters, prepared from this fat, and applying low temperature 
crystallization technics to the main fractions, a number of pure esters 
and acids have been isolated for the first time and identified. The 
presence of monoethenoic acids from Cio to Cis has been verified; 
the Ci8 acids of this type were shown to be made up chiefly of oleic 
acid, together with isomeric octadecenoic acids. About 40-50% of the 
octadecadienoic acids was shown to be ordinary linoleic acid, the 
remainder being presumably the isolinoleic acid found in butter fat. 
Small amounts of both trienoic and tetrenoic acids of the Cis series 
were also shown to be present, although the amount of linolenic acid 
is negligible. The finding of dienoic acids of series above Cis, reported 
by Baldwin and Longenecker, was confirmed, and in addition evidence 
was presented for the presence of high molecular weight trienoic acids. 
This specimen of fat is much more similar to human body fat than 
it is to a typical milk fat. 
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Introduction 

In previous aiiiicles (1, 2, 3) we have presented evidence of need for 
a heightened dietary percentage of thiamine when experimental ani- 
mals are kept in an environment of tropical warmth. The need^for 
this dietary enrichment seemed to be due mainly to a smaller food 
intake, and not to an increase in absolute daily requirement. This 
suggested that the need for thiamine depended more upon the mass 
of metabolizing tissue in the animal than upon caloric intake. Thus 
the deduction was dra\m that diets for hot weather or tropical climates 
should be richer in thiamine than those needed for optimal nutrition 
in temperate coolness. 

Cowgill (4) presented extensive data pointing to the conclusion 
that thiamine requirement bore practically a straight line relationship 
to body weight, although he failed to stress the point that diets of 
adequate vitamin content for young animals would thereby become 
inadequate for older individuals with more sluggish tissue combustion 
and reduced appetite. Many of the more recent workers in nutrition 
(5) have held that thiamine requirement is most closely related to 
caloric intake, and they thus speak of a definite thiamine/caloric ratio. 

Whether thiamine requirement (and possibly that of other B- 
vitamins) is based upon caloric intake or upon the mass of metabolizing 
tissue becomes a very important question in practical dietetics w’hen 
one comes to consider the reduced food intake of ill health or advancing 
age. We wish now to report a sharp rise in dietary thiamine concentra- 
tion needed for optimal groviih response with advancing age. Twelve- 
month-old rats at 450 to 500 g. body weight eat only slightly more 
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food than 2-month-old ones at 180 g., and for optimal growth they 
require a diet almost twice as rich in thiamine. 

White rats (Sprague-Dawley males) were purchased as weanlings 
and divided between the hot room (90-9 l®r. and 60-70% relative 
humidity) and one kept at 68-70°F. The synthetic diets used were 
the ones previously described as optimal for tropical and temperate 
environments (3), with graded differences in thiamine content as 
indicated in Table I. Weekly weight changes were observed while 

TABLE I 

Dietary Thiamine Conrentration Needed for Optimal Rat Growth with Advancing Age 


Room Conditions 

68“? 

90-91“F and 60-70% relative humidity 

IMetary Thiamine 
(mg./kg. of diet) 

0.8 

12 

1.6 

2.0 

0.8 

1.2 

1.6 

2.0 

2.5 

30 

latest eomjilded at B mo. 

Wt. gain (g.), last 3 of 5 wks. on 
di^ 

FinaPav. wt. (g.) 

Av. food intake (g./rat/wedc) 
Thiamme intake ( 7 /rat/day) 

/+39.5 
t=fc 3.6 
132 (8)* 
00 

10 

/+80.1 
\db 1.1 
174 (8) 
93 

16 

/+73.7 

l±2.2t 

170 (8) 
100 

23 


/~3.6 

l=b0.4 

78(9) 

43 

5 

n 

/=fc65.1 

1.3 

138(9) 

65 

15 




2nd test: completed at 7 mo. 

Wt. gam (g.). last 2 of 5 wks. on 
diets 

Final av. wt. (g.) 

B 

f+12.3 
bdb 1.1 
380(8) 

/+11.6 
\db 1.1 
374 (8) 



/- 8.0 
\d= 1.1 
804(9) 

/+ 7.6 
[± 1.7 
823(9) 

/4-21.3 
l=fc 2.2 
tee (9) 



^ test: completed at IS mo. 

Wt. gain (g.), last 3 of 8 wka. on 
diets 

Final av. wt. (g.) 

At. food intaice (g./rat/wedc) 
Thiamine intake C 7 /rat/day) 

f-24.8 
\=fc 3.0 
414 (8) 

/+ 6.1 
t=fc 1.1 
422(7) 

/+14.7 
1=1= 1.8 
444 (7) 
133 

30 




3.0 

\± 1.8 
409(6) 

/+13.6 
1±2.7 
419 (7) 

1+18.7 
1± 1.1 
424 (7) 
85 

30 

/d=16.2 

ld= 1.8 

412 (7) 

4tk test completed at SI mo 

Wt. gmn (g.;, last 3 of 3 weeks 
on diets 

Final av. wt. (g.) 


/-89.0 
3.5 
470 (5) 

f-50.0 
l=b 7.2 
487 (6) 

/-5.0 

l=fc4.2 

522(b) 

t 



/-90.0 
\± 5.0 
400(4} 

/-57.0 
l=fc 5.1 
435(5) 

;± 0.3 
4.0 
458 (5) 


* Numbers of rats per gi’oup arc indicated in parentheses, 
t Probable errors of the mean values given. 


feeding these diets ad libitum for a 5-week period. The rats were then 
placed on a commercial mixture * as the sole food for 4 months, all 
those of each room being mixed together in one large cage for this 
interim. At 6 months of age they were again divided into groups of 
approximately equal w^eight and again kept for 5 weeks on the graded 
synthetic diets. This was again followed by a 3-month period on 
chow and by 8 weeks on the test diets at 10 months of age. 

Table I presents the summated weight changes exhibited by the 


' Purina dog chow biscuits. 
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various groups during the final weeks of each test period. During the 
first test period, which the rats began as weanlings, it is obvious that 
0.8 mg./kg. of dietary thiamine was mildly inadequate in the cold and 
sharply so in the heat; 1.2 mg./kg. was completely adequate in the 
cold and mildly inadequate in the heat; 1.6 mg./kg. was still slightly 
inadequate for the hot-room rats. So we may speak of 0.8 mg./kg. as 
the inadequacy threshold for weanlmg rats in the cold and 1.6 mg./kg. 
in the heat. 

At 7 months of age the cold-room rats show'ed sharp inadequacy'' at 
0.8 mg./kg. but optimal growth at 1.2 mg./kg.; those in the heat 
exhibited sharp inadequacy now at 1.2 mg./kg., mild inadequacy at 
1.6 mg./kg., but optimal response at 2.0 mg./kg. At 12 months of 
age 1.2 mg./kg. had become insufiicient for optimal growth in the 

TABLE II 

Previous Rccotds of Food and Thiamine Intake Produving Opkmal 
Rat Growth in Heal and Cold 


Average 

weight of Food eaten Thiamine intake 

rats at g./rat/week T/rat/day 


8 weeks 

At 68"?. 

At 90-91‘'F. 

At 68‘*F. 

At 90-91®F. 

Reference 

180 

105 

75 

15 

21 

(6) 

180 

100 

72 

14 

21 

(3) 

180 

95 

67 

14 

19 

(7) 

180 

100 

• 71 

14 

20 

Averages 


cold and 1.6 mg./kg. sharply insufficient in the heat, optimal growiih 
then requiring slightly over 1.2 mg./kg, and 2.0 mg./kg., respectively. 
When tested as old rats at 21 months of age, after several of the group 
had died, it was found that 2,0 mg./kg. in the cold and 3.0 mg./kg. in 
the heat were necessary to halt the weight loss then generally in 
progress. 

It is unfortunate that the diet series used for the first testing in the 
heat did not include a higher thiamine level which would have given 
optimal gro^iih. In three recent reports (6, 3, 7), as summarized in 
Table II, we have shown that growth on our synthetic diets is optimal 
at a thiamine concentration of 1 mg./kg. in the cold and at 2 mg./kg. 
in the heat. At these levels, Sprague-Dawley rats at eight weeks of 
age weigh close to 180 g. in both heat and cold. Those in the cold eat, 
on the average, 100 g, of food per week at that age, while those in the 



224 C. A. MILLS, ESTHER COTTINGITAM AND ELIZABETH TAYLOR 


heat consume about 70 g. This means a daily thiamine intake per 
180 g. rat of 14 7 in the cold and 20 7 in the heat. 

Food consumption was not estimated during all the test periods 
of this study, but it was done for one group in each room showing 
optimal growth at 12 months of age. These rats, weighing somewhat 
over 400 g., were eating only slightly more food than was consumed 
at optimal thiamine levels by the 180 g. rats at 8 weeks of age. How- 
ever, the daily thiamine intake needed for this optimal growth had 
risen to 30 7 . Tested again soon afterward, at 14 months of age (Table 
III), the daily thiamine intake was found to be 25 7 for the cold-room 


TABLE III 

Dietary Percentage of Protein Required for Optimal Growth in 1 ^-Month-Old Rats 


Diciaiy piotciii 
pt) ant 

At bS°F. 

At 90-01®F., 

00-70% Rel. Ilum. 


IS 

24 

30 

18 

24 

30 

Wt. gain (g.), last 6 of 8 weeks 

/ 32.0 

f 32.0 

/ 16.4 

f 32.0 

/ 27.5 

/ 17.0 

on diets 

\±1.3 

1+0.9 

\=t4.4 

\=b2.3 

\±4.2 

\±1.3 

Final av. wt. (g.) 

533 (7)* 

514 (7) 


459 (10) 

458 (8) 

456 (8) 

Aver, food intake (g. /rat/week) 

117 

128 

124 

85 

83 

75 

Thiamine intake (7/rat/day) 

25 

27 

27 


30 

27 


* Number of rats per group indicated in parentheses. 


rats and 30 7 in the heat. It is thus obvious that daily thiamine 
requirement (in 7 per rat) rises sharply with advancing age and 
increasing body size, even though food consumption shows little 
change. 

As weanlings in the heat, these rats go into acute thiamine deficiency 
(and die) on 0.4 mg./kg. or less of dietary thiamine. At 11 months 
they do so at 1.0 mg./kg. but not at 1.2 mg./kg. At 18 months of age 
acute and fatal thiamine deficiency developed on diets containing 
1.6 mg./kg. but not at 1.6 mg./kg. 

It seems quite likely, therefore, that thiamine requirement (with 
ad libitum feeding) is proportional to the mass of metabolizing tissue 
and largely independent of daily caloric intake. In cool surroundings 
a larger food intake permits the use of diets with fewer milligrams of 
thiamine per kilo of food. This observation becomes very important 
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with the loss of appetite and reduced food consumption of advancing 
age or ill health. It would also seem to indicate a need for vitamin 
supplementation when weight-reduction diets are used. 

Indicated in Table III are the mean weight gains at various levels 
of dietaiy protein in heat and cold when fed at 14 months of age. 
Optimal weight gain still took place at 18% dietaiy protein just as 
it had when the rats were of weanling age. The diets used here had 
thiamine contents of 1.5 mg./kg. in the cold and 2.5 mg./kg. in the 
heat, as these amounts were indicated by the results set forth in 
Table I as approximately optimal at 14 months of age. 

One effort to test for optimal choline requirement was interrupted 
by a heat wave which interfered with satisfactory temperature control 
in the hot room, but incomplete results indicated optimal growth in 
the cold at 0.4 g./kg. and in the heat still at 5.0 g./kg. Growth and 
food consumption were defiiiitely retarded in the cold at 1.5 g./kg.; 
while in the heat even 7.0 g./kg. was well tolerated. It would thus 
seem that perhaps choline is tolerated less well with advancing age 
in the cold, but fully as well or better in the heat. 

Discussion 

These findings suggest the advisability of investigating age changes 
in requirement (in mg./kg. of diet) for the other B-vitamins. There 
would already seem to be clear indication for thiamine supplementa- 
tion in diets for the aged or ill individuals whose total food intake is 
i-educed. It is of little importance to such people that their absolute 
requirement for thiamine (in mg, per day) may remain unchanged, if 
their intake of the vitamin-containing food is to be sharply curtailed 
by ill health or the falling tivssue metabolism of advancing age. 

Since the publication of our firat paper on heightened thiamine 
requirement (in mg, per kg, of diet) for animals adapted to tropical 
heat (1), numerous articles have been written in attempts to disprove 
our findings. In several instances (8) these studies were carried out 
on men or animals subjected to only brief exposure to tropical heat 
(less than 2 weeks), and hence the results could not reasonably be 
applied to tropical populations (9). In many other cases (10) investi- 
gators claimed to have refuted our findings because they found no 
significant difference in absolute requirement (in mg, per day), over- 
looking entirely our continued insistance that our results dealt only 
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with vitamin concentrations in the diet (mg. per kg. ot diet). One 
review journal has repeatedly persisted in this confusing attitude (11). 

Ill our studies we purposely incorporated the vitamins into the diet 
mixtures, since that most nearly simulates the dietary problems people 
face. What an individuaPs absolute vitamin requirement may be is 
of little importance to him if he is unable to consume enough of his 
given diet to meet these requirements. It has been clearly demonstrated 
that diets of adequate vitamin composition for animals adapted to 
temperate coolness become sharply insufficient for those kept in 
tropical warmth — merely because those in the heat fail to ingest a 
sufficient amount of the food. The findings here presented demonstrate 
that the same holds for the reduced food consumption of advancing age. 

Conclusions 

Thiamine requirement per g. of food rises sharply with advancing 
age in rats adapted to tropical warmth or temperate coolness while 
the absolute requirement in y per day advances with increasing body 
size. A similar rise in dietary thiamine concentration was found neces- 
sary to prevent signs of acute polyneuritis and death with advancing 
age and increasing body weight. At 18 months of age rats kept in 
tropical heat develop acute and fatal thiamine deficiency at dietary 
thiamine concentrations adequate to support optimal growth in 
temperate coolness. 

Thiamine requirement, therefore, seems largely conditioned by the 
mass of metabolizing tissue and relatively independent of caloric 
intake under conditions of voluntary ad libitum feeding. 

Protein and choline requirements per kg. of food seem to change 
little with the reduced food intake per unit of body mass in advancing 
age. 

The conclusion seems justified that diets for the aged or those in 
ill health should be thiamine-enriched to compensate for reduction in 
amount of food consumed. It seems probable that the same principle 
should be applied with the sharp caloric restriction of weight-reducing 
and hot weather diets. 
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Introduction 

Many methods for the determination of diacetyl and acetoin have 
been de\dsed which are applicable to various types of investigation. 

Ren et aL ( 1 ), developed a colorimetric method for the determination of diacetyl 
with certain o-diaminobenzene derivatives which, in the presence of strong acids, 
give compounds having a yellow color. They first used 3,4-diaminotoluene but later 
( 2 ) found that diaminobenzidinc gave a stronger color. Stahly and Werkman (3) 
found that the quantitive measurement of the nickel dimethylglyoxime procedure 
first proposed by Lemoigno (4) and modified by van Xiel ( 6 ) could be applied to 
fermentation distillates. This particular method is useful for determining only 
relatively large amounts of diacetyl. Prill and Hammer ( 6 ) devised a colorimetric 
procedure for the microdetermination of diacetyl in butter and milk based on the 
formation of colored ammonoferrous dimethylglyo^mate. This method, while 
apparently sensitive and accurate, is not readily applicable to metabolic studies 
as both pyruvic acid and methylglyoxal produce a similar color with the reagents. 
Stotz and Raborg (7) have described a colorimetric determination employing the 
pn?cipitate of nickel dimethylglyoxime. The precipitate is oxidized with bromine 
and the nickel determined by the formation of a soluble colored complex with excess 
dimethylglyoxime. The method, though sensitive and rather accurate in determining 
amounts as low’ as 10 7 in tissues, is time-consuming, since at least 12 to 14 hours 
are required for each assay. 

None of the above procedures is applicable to tissue filtrates directly, 
as the diacetyl must first be distilled before assay. It was desirable to 
devise a rapid, accurate method which could be applied directly to 
bacterial or tissue filtrates. 

The method here described is based on the condensation of di- 
aeetyloxime vdth urea as first described by Fearon (8). Ai’chibald (9) 
has recently described a modification of Fearon^s method for the 
determination of citnilline which gives a reaction apparently similar 
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to that of urea. We have adapted the converse of the modified method 
of Archibald to the determination of diacetyl and acetoin using urea 
in place of citrulline since the former is readily available. 

Experimental 

Principle: The method depends on the production of a colored 
compound by the reaction of diacetyloxime and urea in the presence 



Fig. 1 

Standard Curve of Diacetyl Showing Recovery of an Equal Amount of 
Crystalline Acetoin by FeCh Oxidation 

of strong acid. The colored compound has not been identified but may 
be some quinoxalinedike derivative. 

ReagerUa: Diacetyl Standard — A solution of 100 mg. of diacetyl in 100 ml. of HjO. 
This solution should be kept in the ice box when not in use and, due to the volatility 
of diacetyl, should be freshly prepared about every two weeks. For assay this solution 
is diluted 1 : 10 to give a concentration of 100 -y per ml. 

Urea Solution, — 3% solution in water 

Hydroxylamins — a solution containing 10 mg. per ml. in water 
Sidfuric-Phospharic Acid Mixture — 1 volume of cone. H2SO4 and 3 volumes of 
syrupy H*P04 

Procedure: Various dilutions of a trichloracetic or metaphosphoric acid filtrate of 
the tissue or bacterial juice are made in such a manner that 1 ml. contains approxi- 
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malely 100 7 or less of diacctyl. One ml. of the dilution is then transferred to a 
test tube, and 1 ml. of the hydi-oxylamine solution, 1 ml. of urea solution and 2 ml. 
of the H 2 SO 4 -H 8 PO 4 mixture are added. The volume is then adjusted to 6 ml. with 
water and the tube is rotated rapidly to mix. A diacetyl standard is run with concen- 
trations of 100, 80, 60, 40, and 20 7 of diacetyl treated in the same manner as the 
filtrates above. 

After mixing, the tubes are placed in a boiling-water bath for 35-40 minutes, 
cooled, and the optical density measured on a photometer using a 470 m^t filter. A 
reagent blank is used to set the instrument scale at zero. Throughout this work a 
Klett-Summerson photoclectnc colorimeter was used. A standard curve is plotted 
from the known diacetyl readings and the diacetyl (or acetoin) concentration of the 



/sn^, • ^s/1/M ^ 

JO/^M o GO/iAfV, « 

• Fig. 2 

Curves of Diacctyl Standard at Varying Lengths of Time in Boiling H 2 O Bath 

unknown calculated by interpolation. Fig, 1 shows a typical standard curve for 
diacetyl and the curve of a similar amount of crystalline acetoin determined at the 
same time by oxidation and distillation. Though the intensity of the color is not 
exactly proportional to concentration, the curve can be reproduced regularly with 
considerable accuracy. 

E:Seci of Time of Heating on Color Intensity: Fig. 2 shows the effect 
of heating on the increase in the intensity of the color formed by 
known quantities of diacetyl. After 36 minutes no increase occurs, 
hence this time has been used as the minimum for heating. With 
shorter times variations have been found in the intensity of the color 
which affect the determination of the concentration of diacetyl. 
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Recovery of Diacetyl from Tissue Filtrates: To determine whether 
interfering subbtances wore present, 50 g. of fresh liver were ground 
to a paste with 50 ml. of water in a Waring blender. To 1 g. samples 
of the plaste, 1 mg. of diacetyl was added, the volume made to 5 ml. 
■\rith water and the mixture thoroughly shaken. Two ml. of 10% 
trichloracetic acid or 2 ml. of 10% metaphosphoric acid were then 
added, the tube shaken and the resulting precipitate removed by 
centrifugation. The precipitate was Avashed twice with 1 ml. portions 
of water and the volume of the filtrate made to 10 ml. One ml. of the 
resulting filtrate should contain, therefore, an excess of 100 y of 
diacetyl il‘ the tissue contained any substance producing a color with 


TABLE I 



Bciovti // of Added Diacetyl fiom 

'TliiSUC 



Livor 

Colorimeter 


Per cent 

Diacetyl 

paste 

reading 

Diacetyl 

recovery 

y 



T 


0 


0 



100 


268 



80 


• 242 



60 


220 



40 


175 



20 


110 



100 

Ig. 

261 

94 

94 

50 

Ig- 

195 

46 

92 

25 

1 g- 

133 

24 

96 


Ig- 

0 

0 



Liver precipitated with 2 ml, of 10% metaphosphoric acid. Heated for 35 minutes. 

the reagents. A like amount of liver paste was treated in a similar 
manner and both assayed at various concentrations according to the 
procedure outlined. The results of the recovery experiments are shown 
in Tabic 1. The recovery shows fairly good agreement between 20 y 
and 100 y and indicates that there is no substance present in liver 
at this concentmtion which markedly interferes vith the recovery of 
diacetyl. 

Determination and Recovery of Added Acetoin: Acetoin, which does 
not itself give a color with these reagents, can be determined by the 
procedure described if fix’st converted to diacetyl by oxidation. The 
method of Stotz and Raborg ( 7 ), using FeCls and H2SO4, was found 
satisfactory for the oxidation of small amounts of acetoin. 
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To 1 g. of the liver paste 1 ml. of a solution of 100 mg. of crystalline 
acetoin diluted to 100 ml. ivas added. The mixture was made to 5 ml. 
with water, shaken and precipitated with 2 ml. of either 10 % tri- 
chloroacetic acid or 10% metaphosphoric acid. The precipitate was 
washed tmce with 1 ml. volumes of water and the filtmte and washings 
oxidized (7, 10), vdth the exception that the distillate was delivered 
into a 10 ml. graduated test tube containing 2 ml. of the 10 mg. per 
ml. hydroxylamine solution. The distillate was collected to the 10 ml. 
mark. Aliquots of this solution of diacetyloxime were then assayed 
and the percentage recovery detex’mined. As acetoin is converted 


TABLE II 

Recovery of Added Acetyhnethylcarhinol from Liver Paste 


Liver 

Diacetyl A.M.C. paste 
7 ^ 7 

0 

100 

80 

60 

40 

20 

100 Ig. 

60 Ig. 

40 Ig. 

30 Ig, 

Ig. 


Colorimeter 

A.M.C. 

Percentage 

reading 

0 

272 

250 

224 

179 

103 

recovered 

7 

recovery 

266 

95 

95 

230 

63 

105 

185 

42 

105 

161 

32 

106 

0 

0 



Liver precipitated with 2 ml. of 10% metaphosphoric acid. Heating time 35 
minutes. 


quantitively to diacetyl by this procedure our results are calculated as 
acetoin. The weight relationship is not exactly equivalent but, since 
the ratio between the weights of acetoin and diacetyl is 1 . 02 , the 
discrepancy in a 100 7 amount is negligible. 

Controls using liver paste without added acetion were used as 
checks on the recovery experiments. 

Typical data for the recovery of acetoin by this procedure are given 
in Table 2 . All recoveries in the lower concentrations ran somewhat 
high. Since the liver paste alone showed no acetoin present, the results' 
cannot be ascribed to the paste. However, the method appears to be 
accurate to within =t: 10% with amounts as low as 25 7 , 
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Effect of Light on the Color Reaction: Contrary to the findings of 
Fearon and Archibald, light was found to have little effect on the 
stability of the color produced by the reaction up to at least four 
horn's after boiling. One set of standard diacetyl tubes was exposed in 
a beaker to bright daylight for a period of 6 hours. Readings every 
2 hours showed little, if any, change in the optical density. However, 
reading of the tubes after 4 hours is not recommended. 

Specificity of the Method: Pyruvate, acetaldehyde, lactate, glucose, 
2,3-butylene glycol or unoxidized acetoin in 1 mg. amounts do not 
react sufihciently with the reagents to interfere with the recovery 
of diaeetyl. Acetoin, since it is readily oxidized to diacetyl, must be 
determined separately or on another aliquot of the filtrate, in which 
ease the acetoin present can be calculated as the difference between 
the oxidized and unoxidized samples. 

Summary 

A sensitive, reasonably rapid method for the determination of 
diacetyl and acetoin is presented. 

Diacet}^ can be determined directly on tissue and bacterial filtrates 
without previous distillation. 

Acetoin is determined by oxidation to diacetyl by FeCU in acid 
solution follow’-ed by distillation. 

The method appears to be sensitive for diacetyl and acetoin in 
concentrations at least as low as 25 y with an accuracy of ± 10%. 
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Inteoduction 

Although numerous methods have been proposed for the micro- 
biological detennination of pantothenic acid (1, 3-12, 14), relatively 
little work on the preliminary treatment of the sample has been 
reported. However, some sort of hydrolytic procedure must be applied 
if the total pantothenic acid content is to be measured, because it is 
well known that this vitamin exists in tissues to a large extent in 
combined forms which are not utilizable by the test organisms em- 
ployed (7, 8, 11, 15). 

Since both acid and alkaline hydrolj^sis are excluded by the lability 
of pantothenic acid, and autolysis in many cases is not feasible, the 
use of hydroljiiic enzymes remains as the only practicable method. 
Enzymatic digestion of the sample, however, necessitates a correction 
for the pantothenic acid content of the enzyme preparation used, and 
entails a danger that some of the vitamin maj" be destroyed or that 
substances which interfere with the assay may be liberated. The 
latter effect has been particularly troublesome in earlier work and has 
probably been responsible for at least part of the increases in apparent 
pantothenic acid content observed after enzyme treatment of certain 
materials (7). 

It was the purpose of the present investigation to repeat and extend 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 
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previous studies on the effect of digesting pure pantothenic acid and 
representative biological materials with various enzymes, making 
eveiy effort to avoid errors from interfering substances liberated during 
the digestion. The factors particularly studied were the kind of enzyme, 
its concentration in the digestion mixture and the time and temperature 
of incubation. 


Experimental Results 

The method of assay used throughout was that of Neal and Strong (7) as modified 
by Ives et al. (4). All assays were run in duplicate on different days. Before being 
assayed all digests were filtered at pH 4.8 according to the procedure used for ribo- 
flavin samples (13) until clear filtrates were obtained. When this was done, no 
‘‘drift” (12) was noted nor was there any other evidence of disturbance of the assay 
results by stimulatory or inhibitory substances in the filtrates. 

Materials to be digested were suspended in water, buffered to a pH appropriate 
to the enzyme being used and diluted to a final volume of 50 ml. In some cases the 
samples were given a preliminary autoclaving at pH 7.0. Unless otherwise noted, 
all samples vrere layered with toluene and incubated in 125 ml. Erlenmeyer fiasks 
closed with cotton plugs. Those samples which were not to be treated with enzymes 
were prepared for assay by homogenizing in water, or by autoclaving in water 
suspension at pH 7.0 for 15 minutes at 121 ®C. In either case the mixtures were 
filtered as described above before assay. 

The vitamin preparation used was synthetic (i-calcium pantothenate. This was 
made up in a 50 r per ml stock solution as directed for the microbiological method 
(7), and aliquots of the same solution were used both for the digestion experiments 
and to prepare the standard solutions for the necessary assays. 

The biological materials studied were canned salmon, raw veal (round steak), 
canned lima beans, fresh milk, dried yeast and wheat bran. A sufficient quantity 
of each sample was set aside to last for the entire series of experiments. The wheat 
bran and yeast were preserved in the dry state, while the fresh samples were made 
into a slurry by homogenizing with water plus a small amount of chloroform, and 
were stored at — 4“C. 

a. Pantothenic Add Content of Enzyme Preparations 

The enzymes used were clarase (Takamine Laboratories, Passaic, N. J.), mylase P 
(Wallerstein Laboratories, New York), polidase-S (Schwartz Laboratories, New 
York), papain (Merck), pancreatin (Merck) and a mixture of enzymes prepared by 
homogenizing mucosa from the upper end of the small intestine of a large adult rat 
with distilled water. 

The pantothenic acid content of these enzyme preparations was 
determined after incubation under conditions similar to those used 
for the various samples. The results are given in Table I. The value 
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TABLE I 


Pantothenic Acid Content of Enzyme Piepaiatione 


Enzyme Preparation 

Conditions of Incubation 

Pantothenic 

Acid 

Time 

Hr. 

Temperature 

^C. 

pH 

Content 

7 g. 

Clarase 

24-72 

37 

4.8 

5.2 

Pancreatin 

48 

37 

7.0 

9.3, 9.6» 

Clarase and Pancreatin (1:1) 

48 

37 

7.0 

6.2 

Papain 

48 

37 

4.8 

10.7, 16.5 

Polidase S 

48 

37 

4.8 

1.4 

Mylase P 

24r-72 

37 

4.8 

2.0, 2.8 

Mylase P 

24 

50 

4.8 

2.4 

Rat ]\Iucosa 

48 

37 

h 

16.2‘' 


“ Individual values refer to different batches of enzyme. 

‘ pH not adjusted. 

' Based on fresh weight of mucosa. The other values are based on solid prepara- 
tions as lecoivcd. 

for clarase is the average of 10 determinations on the same batch. 
Although the amount of the preparation in the mixtures incubated 
was varied from 0.1 to 1.0 g., and the time of incubation from 24 to 
72 hours, all values fell between 4 and 6 y per g. except one which 
was 7. Other batches of clarase ranged in pantothenic acid content 
from 3.3 to 7.5 y per g. 

h. Effect of Enzymes on Calcium Pantothenate 

The percentages of the vitamin remaining after various enzjune 
treatments are shown in Table II. Each value is corrected for the 
pantothenic acid content of the enz3mie as determined after incubation 
under similar conditions. The negative results mean that the correction 
in those cases was greater than the amount of pantothenic acid found 
in the digest. It is apparent that only clarase and mylase P permit 
fairly satisfactory recoveries under all the conditions tried. The 
amount of destruction in the other cases increased with increasing 
ratios of enzyme to vitamin. With polidase-S only the highest ratio 
tried caused destruction. 

The two most promising preparations, clarase and mylase P, were 
then incubated with calcium pantothenate for varying lengths of time 
(Table III). Recoveries tended to be hi^er after the longer incubation 



254 


MARGARET IVES AND F. M. STRONG 


TABLE II 


Percentage Recoveries of Calcium Pantothenate from Enzyme Digests 


Concc^n- 
ttation of 
enzvnie 

Panto- 
thenic 
Acid 
Added 
to Flask 

j Enzyme Pieparation 

Panel catin 

Papain 

Polida&e H 

Mylase P 

Claraae 

Rat 

Mucosa^ 

0. per JO 

7 



per 

cent 




5 

87.2 

81.6 

102 1 

97 

115 


0.10 

5 1 

61.2 

83 

103 

99.6 

103 



5 

negative® 

negative 

68 

92 

98.4 

08 



negative 

26 





1.00 

25 

66.8 

73 

88 

89.3 

116 

88.8 



70.8 








80.5 

97 

98 

95.6 


95 





117 





« 48 hrs. incubation at 37°C. 

* An amount equivalent to 108 mg. of mucosa was used in each flask. 

« In these cases the amount of residual pantothenate was less than that originally 
present in the enzyme used. 

periods, and in several instances were well over the experimental error 
of the assay. Since it seemed unlikely that such increases could be 
attributed to the enzyme, a more detailed study of the 72 hour incu- 


TABLE III 

Percentage Recoveries of Calcium Pantothenate after Enzyme 
Treatment for Various Time»^ 


Amount and Kind 
of Enzymt‘ 

24 hrs. 

Ijongth of Incubation 
48 hrs. 

72 hrs. 

Claraso, 1 g. 

113 

per cent 

no 

106 

Clarase, 5 7 

no 

113 

124 

Mylase P, 1 g. 

117 

137 

141 

Mylase P, 5 mg. 

101 

104 

120 

Mylase P, 5 7 

106 

104 

130 


® Each flask contained 5 7 of calcium pantothenate, and was incubated at 37°C. 

bation period was made. Table IV summarizes the results. Satisfactory 
recoveiy of pantothenic acid activity was obtained in those mixtures 
which were not incubated and in those which were sterilized (by 
autoclaving or filtering) before incubation. However, there was a 
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blight but dihtinct tendency for the recoveries to be high after incuba- 
tion of non-sterilized mixtures, either with or without enzyme present. 


TABLE IV 

Recovery of Calcium Pantotheruite after Incubation of Sterile and Non-Sterile MixtureeP’ 


Enzyme 

Preliminary 

Incubation 

Pantothenic 

Treatment 

Time 

Acid Recovered 

None 

None 

0 

100, 104, 106, 106 

None 

15 min., 121°C. 

0 

105, 102, 103, 108 

None 

None 

72 

124, 119, 106, 94 

None 

15 min., 12rC. 

72 

106, 97, 84, 87 

Clarabc, 5 mg. 

None 

72 

124, 123, 115, 87 

Clarase, 5 mg. 

Put through a 
bacterial filter 

72 

108, 100 


“57 calcium pantothenate per flask; incubation tonii^eralurc Z7%\ 


c. Enzyme Treatment of Biological Materials 

Table V shows the pantothenic acid content of the various biological 
materials studied, as determined after different preliminary treat- 


TABLE V 

Pantothenic Acid Released from Biological Materials by Various Treatments!^ 


Treatment 

Salmon 

Veal 

I 

Lima 

Beans 

Milk 

I 

Yeast 

Wheat 

Bran 







Suspended in water 

7.3 

12.1 


2.4 

54 

31 

Autoclaved at pH 7 

8.3 

10.1 

1.1 

2.7 

48 

32.4 

Claxase “A”*» 

9.3 

15.0 


3.0 

71.6 

31.4 

Claxase “B” 

10.0 

14.2 

0.98 

3.2 

66.8 

33.2 

Clarase “C” 

13.6 

15.2 

0.56 

3.0 

116^ 

34.8*= 

Pancreatin “A” 

8.8 

14.7 

1.1 

1.3 

52.7 

23.8 

Pancreatin “B” 

7.9 

15.4 

0.81 

1.5 

38.0 

23.2 

Pancreatin “C” 

1:1 Mylase P— 

negative 

negative 

negative 

negative 

44.8'= 

18.9'= 

pancreatin “A” 

8.0 

10.1 

1.0 

1.5 

38.4 

29.5 

<1 tt it 

7.7 

14.7 

1.2 

1.5 

45.6 

39.9 

it it it 

negative 

19.8 

— 

negative 

1 47.4« 

31.9'= 


“ The enzyme digests were incubated 48 hours at 37°C. 

^ The amounts of enzyme used were based on the weights of sample taken, as 
follows: ''A,” one-tenth the dry weight; “B,” equal to the dry weight; "C,'' twice 
the fresh weight. 

« The amount of enzyme equaled twice the dry weight of sample. 
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ments. The quantities taken for analysis were; salmon and veal, 0.5 g. 
each; lima beans, 3.0 g.; milk, 1.0 g.; yeast and wheat bran, 0.1 g. 
each. The corresponding diy weights were estimated to be 0.17, 0.8, 
0.13 and 0.1 g. respectivel3^ The freights of the enzymes used were 
based on these figures as indicated in the table. Wherever necessary, 
the values are corrected as described above for the pantothenic acid 
content of the enzyme preparation used. Negative results mean that 
the value found was less than the correction. The digests containing 
clarase were buffered at pH 4.8 with sodium acetate, and those con- 
taining pancreatin were kept at pH 7 with a phosphate buffer. WTiere 
both mylasc P and pancreatin were used, the samples were first 
incubated 24 hours at pH 7 with pancieatin, then heated to 100®C. 
for 45 minutes, cooled, adjusted to pH 4.8 and incubated vdth mylasc 
P an additional 24 hours. 

It is apparent that destruction of the vitamin occurred in many of 
the digests containing pancreatin. Of those containing clarase, salmon 
and yeast showed increases up to the maximum amount of enzyme 
tried, while the rest showed little variation. No explanation for the 
low value of 0.56 for lima beans can be offered. 

Table VI shows the liberation of pantothenic acid by clarase and 
mylase P when the samples were incubated with a given amount of 

TABLE VI 


Pantothenic Acid Liberated by Clarase and Mylase P after Various Periods of Inciibation 


Sample 

Myla«!e® P 50®C. incubation 

Clarase* 37®C incubation 

\ hours 

S horns 

12 horns 

24 ho»irs 

2^ houis 

1 24 hnuib 

tS llOUlb 

72 hours 

Salmon 

8.5 

7.1 

y « 

10.8 

►f paiUother 

11.3 

1 C and pel 

6.9 

ff. 

9.6 

9.1 

10. t 

Veal 

11.7 

12.1 

12.3 

16.9 

11.5 

13.2 

14.2 

13 

Milk 

2.7 

2.7 

3.0 

3.4 

3.1 

2.5 

3.3 

3.4 


1.0 


1.1 

1.2 


1.1 

1.1 

1.7 

Yeast 

65 

79 

93 

124 

53 


112 



35 

1 

34 

36 




33 



® The amounts of enzyme were: Mylase P as in “A,” Table V; Clarase as in “B,” 
Table V. The Mylase P results refer to aliquots taken from the same 'digests, while 
the clarase results apply to separate digests. 

^60®C. incubation. 
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enzyme for var3dng lengths of time. All of these digests were adjusted 
to pH 4.8 with sodium acetate before incubation. In general it appears 
that similar maximum values are reached with much less mylase P 
than clarase and in a shorter time. Incubation with clarase at 50°C. 
for more than 2 hours was not tried. The flasks to be incubated at 
50®C. were corked rather than plugged with cotton to prevent loss 
of toluene. 


Recommended Procedure 

*Vn amount of the finely divided sample estimated to contain between 3 and 10 7 
of pantothenic acid is suspended in 50 ml. of water, the suspension is adjusted to 
pH 6.8-7.0, and autoclaved for 15 minutes at 121 ®C. After the mixture has reached 
room tempeiaturo an amount of mylase P equivalent to one-tenth the efatimated 
diy weight of the sample is added to the flask. The contents are buffered with 2 ml. 
of 2.5 sodium acetate, and the pH low-ered to 4.8 with hydrochloric acid. The 
mixture is then layered with toluene, corked and incubated for 12-24 hours at 50®C. 
At the end of the incubation period, the volume of the digest is increased to 100 ml. 
with distilled water, and it is put through a fluted Whatman No. 40 paper, repeatedly 
if necessary, until a clear filtrate is obtained. The pH is checked before filtration 
and again adjusted to 4.8 if necessary. After a clear filtrate has been obtained, 
it is further diluted to a convenient concentration for assay. 


Discussion 

The recommended procedure detailed above represents the best 
suggestions that can be made on the basis of the present work. Mylase 
P has been selected since it appears to act more quickly and in smaller 
amoxmts than the others tried, and because its pantothenic acid 
content is so low that the blank correction is negligible. It is felt that 
the two hours incubation period which has been suggested for mylase 
P (2) is inadequate for maximum results. However, incubation for 
as long as 72 hours seems equally undesirable because of the danger 
of high and erratic results in the non-sterile mixtures incubated. 

Summary 

Digestion with mylase P for 12-24 hours at 50®G. is recommended 
for samples to be assayed for pantothenic acid. Several other enzymes 
are shown to destroy pantothenic acid if used in lelatively large 
amounts. 
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Introduction 

Recently the anterior hypophyseal adrenocorticotropic hormone 
from both sheep (1) and swine (2) pituitaries has been isolated in 
highly purified state. In contrast to other protein hormones, the 
adrenocorticotropic hormone retains its biological properties after its 
neutral solution has been kept at 100“C. for 2 hours; it was further 
noted that peptic digestion does not destroy the specific action of the 
hormone (1). It was felt that the study of the effect of various reagents 
upon the purified hormone would provide additional information as to 
its structural characteristics. 

Action of Ketene 

Adrenocorticotropic hormone used in the present investigation was 
prepared by the procedure of Li etal. (1). The hormonal activity was 
estimated either by the maintenance of adrenal weights of hypo- 
physectomized male rats or by the repair of adrenal histology in 
hypophysectomized female rats as previously described (3). Ketene 
was generated by the apparatus of Li (4) ; experiments were carried 
out at O^C. with the protein concentration of 10 mg. per cc. in two 
buffer solutions: 1.0 acetate buffer of pH 4.0 and 0.75 M phosphate 
buffer of pH 7.0. The acetylated hormone solutions were dialyzed 
against distilled water and then lyophilized. 

The groups in proteins knowm to react with ketene are the free 

■* Aided by grants from the Research Board of the TJniveraty of California and 
from the Rockefeller Foundation, New York, N. Y. 
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amino, the tyrosine phenolic and the — SH groups (5). The amino 
nitrogen content of adrenocorticotropic hormone as determined by 
the manometric method of Van Slyke was found to be 0.70%. It 
contains no — SH groups (1). Hence, the reaction of ketene with 
the hormone must be confined to the free amino and tyrosine phenolic 
groups in the molecule. 

After 5 minutes treatment with ketene in 'phosphate buffer it was 
found that one fifth of the phenolic group in adrenocorticotropic 
hormone was acetylated as determined by the method of Herriott ^ (6) 
Avhile the loss of amino nitrogen was, at maximum, 50%. When the 
treatment was prolonged to 50 minutes, sixty % of the amino groups 
and thirty-five % of the phenolic hydroxyl groups were acetylated. 
The results of bioassay, as summarized in Table I, indicate that the 
biological potency of the hormone was lowered as the time of acety- 
lation increased. It may be noted that there was no great difference 
in the extent of coverage of the phenolic group after 2 to 5 minutes 
treatment yet the adrenocorticotropic activity was continuously 
decreased. It appears reasonable, therefore, to conclude that the 
continuous loss of hormonal action should be at least partly attributed 
to acetylation of the free amino groups. 

When the hormone reacted with ketene in acetate buffer for 15 
minutes, the extent of coverage of the amino groups was 35%.^ With 
longer treatment (160 minutes), no further acetylation of the amino 
group was observed, whereas the extent of acetylation of the phenolic 
hydroxyl group increased from 30 to 50%. From the results shown 
in Table I, the preparation after 15 ninutes treatment gave a minimum 
effective response at 1.0 mg. while after 160 minutes treatment no 
adrenocorticotropic activity could be detected at a total dose of 1.5 mg. 
It may, therefore, be concluded from the experiments with ketene 

1 The method of Herriott is based on the fact that oxygen-acetyl combination in 
the tyrosine is easily hydrolyzed at pH 11; the ratio of the Folin color obtained by 
the pH 8 method to that by the pH 11 method indicates the extent of acetylation ’ 
of phenolic hydroxyls in the preparations. It may be mentioned that complete 
Fohn color recovery was obtained in the acetylated hormone samples after pH 11 
treatment. 

* It may be noted in Table I that the rate of acetylation of both amino and tyrosine 
phenol groups is higher at pH 7.0 than at pH 4.0 and that the amino group reacts 
with ketene in acetate buffer seemingly more slowly than the phenol hydroxyl groups. 
The latter fact appears to contradict current views that amino groups are always 
more rapidly ketenized than the tyrosine hydroxyls; more data are needed to sub- 
stantiate this conclusion. 
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TABLE I 


The Action of Keiene on Adrenocorticotropic Hormone 


Experi- 

ment 

No. 

Solvent 

Time 

of 

pH 

Fkee 

NH* 

Phenol 

Groups 

Covered 

Assay in Hypophysectomized 
Fei^e Hats^ 

Treat- 

ment 

Start 

Final 

Groups 

Covered 

Total 

Dose 

Adrenal Reaction 

93C 

Phosphate 

min. 

2 


6.7 


per cent 
20 


2+, 2-ti 2-1“ 


buffer 







+, +, 4- 








0.10 

) 4" » 4 > “"} t 4" 









> } 

85B 

Phosphate 

3 

7.0 

6.6 

30 

20 

1.0 

24, 2+, 2-1- 


buffer 






0.5 

2+, 2+,2+ 








0.2 

4“, +, 4 








0.1 


87A 

Phosphate 

5 

7.0 

6.5 

50 

20 

1.5 

+, +. + 


buffer 






1.0 

+, •"*, "" 








0.2 


87B 

Phosphate 

mm 

7.0 

4.2 


35 




buffer 






1.0 


03A 

Acetate 

15 

4.0 

3.8 

35 

30 

1.0 

4”, 4“, 4* 


buffer 






0.5 


03B 

Acetate 

ICO 

4.0 

3.5 

35 


1.5 



buffer 






0.5 


09 

Acetate 

■1 


4.0 

0 



2+. 2+, + 


buffer 






o.os 

+, +, + 


* Female rats are hypophysectomized at 26 to 28 days of age; 14 days later the 
rats are injected intraperitoneally once daily for 4 days, followed by autopsy 96 
hours after the first injection. 


that both the phenolic hydroxyl and amino groups are essential for 
the characteristic effect of the adrenocoticotropic hormone. 

Adion of Nitrous Add 

Forty mg. of adrenocorticotropic hormone were dissolved in 2 cc. of 
1.0 M acetate buffer of pH 4.0 and 0.6 cc. of AM NaNOa solution 
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was added. The solution was allowed to stand at 22®C.; at the end 
of 30 minutes, the solution was neutralized and then assayed in 
hypophyseetomized male rats. As shown in Table II (Expt. 01), 
adrenocorticotropic activity was completely abolished. 

In another experiment (Expt. 61 in Table II) 80 mg. of hormone was 
dissolved in 2 cc. acetate buffer with 0.5 cc. nitrite solution and further 
handled as above. Assay results indicate again that the biological 
potency of the hormone is greatly reduced by this treatment. 


TABLE II 

The Action of Nitrous Acid on Adrerwcortropic Hormone 


Experi- 

ment 

No. 

Amount of 
Hoimone 
in 2 cc. 
Acetate 
Buffer 

Vol. of 
4.0 M 
NaNOj 

Time 

of 

Keaction 

Assaj' in Hypophyseetomized Male Rats* 

Daily 

Dose 

No. of 
Rath 

Average 

Bod\ 

Weight 

Aveiage 

Adienal 

Weight 


vn]. 

cc. 

min. 

mg 


</. 

mg. 

01 

40 



0.5 

5 

123 

12 

61 

80 

0.5 

30 

l.O 

4 

120 








128 

26 


* Male rats, 40 days of age, are hypophyseetomized and injected intraperitoneally 
daily (except Sunday) from the day of operation for 16 days (13 injections). The 
adrenal weight of uninjected hypophyseetomized animals regresses during this period 
from about 26 mg. to a weight of 12 mg. 

Nitrous acid is known to react with free amino and tyrosine groups in 
proteins in addition to its oxidizing action. Philpot and Small (7) 
have found that the amino nitrogen of pepsin was completely liberated 
within 30 minutes by nitrous acid treatment and that the secondary 
reaction with tyrosine was scarcely started by this time. If we assume 
that the behavior of adrenocorticotropic hormone toward nitrous acid 
resembles that of pepsin, further evidence is furnished that the free 
amino group in adrenocorticotropic hormone is necessary for its 
biological activity. 


Action of Formaldehyde 

It is well known that formaldehyde reacts mainly with the free 
amino group of proteins in neutral solutions. In order to sustain the 
findings with ketene and nitrous acid, it seemed desirable to treat 
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adi’enocorticotropic hormone with formaldehyde. Sixty mg. of the 
hormone was dissolved in 10 cc. of 1.0 M phosphate buffer of pH 7.0 
and 1 cc. of 50% formaldehyde solution was added. The solution 
stood at 22°C. for 30 minutes and was then diluted for bioassay in 
hypophysectomized male rats. With a daily dose of 0.50 mg. of treated 
hormone for 15 days, the adrenal weights were not increased over 
those of untreated controls; they averaged only 14 mg. (5 rats) while 
with a daily dose of 0.20 mg. of the untreated hormone, the adrenal 
weights (5 rats) were 24 mg. It thus again appears that free amino 
groups are important for the biological action of adrenocorticotropic 
hormone. 


Action of Iodine 

If a protein contains no — SH groups, it takes up iodine through 
the tyrosine group (8). Since, as previously mentioned, adrenocortico- 

TABLE III 

The Action of Iodine on Adrenocorticotropic Hormone 
Vol. of 0.01 N Vol. of 0.01 N 



Iodine Added to 

Assay in Hypophysectomized Male Rats* “ 

Experiment 

No. 

the Hormone 
Solution* 

Daily 

Dose 

Average 
Body Weight 

Average 
Adrenal Weight 


cc. 

mg. 

Q- 

mg. 

15 

5.0 

0.5 

122 

12 

11 

4.6 

0.5 

120 

15 

4A 

3.5 

0.2 

124 

14 

4B 

1.7 

0.2 

120 

19 

4C 

0.0 

0.2 

121 

22 

4D 

0.0 

0.5 

122 

28 


*■ 40 mg. adi’cnocoriicotropic hormone dissolved in 15 ec. pH 7.0 phosphate buffer. 
5 animals per group in each experiment. 


tropic hormone does not possess cysteine and since it contains approxi- 
mately 4.5% of tyrosine as determined by the method of Lugg (9), 
it seemed of interest to investigate the effect of iodine on the physio- 
logical activity of adrenocorticotropic hormone. 

Forty mg. of adrenocorticotropic hormone were dissolved in 15 cc. 
of 0.3 M phosphate buffer of pH 7.0 and 6.0 cc. of 0.010 N iodine 
solution® were added. After one hour at 22°C., the slight excess of 

3 If all tyrosine groups in 10 mg. of adrenocorticotropic hormone arc completely 
iodinated, 1 cc. of 0.010 N iodine solution is needed. 
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iodine was removed by a drop of 0.10 N sulfite solution. The iodinated 
hormone solution was diluted and then assayed in hypophysectomized 
male rats. As shown in Table III, the adrenocorticotropic activity 
completely vanished. 

In other experiments we added decreasing amounts of iodine to the 
hormone solution. It was found that the biological potency of the 
hormone decreased as the amount of iodine uptake increased, as 
indicated in Table III. The loss of adrenocorticotropic activity seems 
to be due to the iodination of the tyrosine group in the hormone. 

Stjmmaby 

The effect of ketene, nitrous acid, formaldehyde and iodine on the 
adrenocorticotropic hormone has been studied. The results suggest 
that both the free amino and tyrosine groups are essential for the 
hormonal action. 
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Introduction' 

Certain freshly-isolated strains of the gonococcus may manifest 
important variations from the “normal” in their nutritive require- 
ments. Any diagnostic culture medium which aims for high produc- 
tivity must, therefore, supply sufficient quantity of such additional 
growth factors as may be required by these “atypical” strains. Thus, 
glutamine is a necessary supplement to Bacto Proteose Peptone No. 3 
— ^hemoglobin agar for primary isolation of about 25% of the cultures 
obtained from patients in this area (1, 2). Certain other strains will 
grow upon this medium only in the presence of a relatively thermo- 
stable factor present in yeast and other natural substances. It was 
observed that, although this factor may be replaced by a relatively 
high concentration of thiamine, the high activity of yeast extract 
could not be explained on the basis of its thiamine content alone (3). 
The evidence now available indicates this thermostable factor of yeast 
extract to be cocarboxylase. 


Methods 

The cultures employed in this study were isolated from cervical specimens plated 
upon Bacto Proteose Peptone No. 3 — ^hemo^obin agar containing adequate nutritive 
supplements. Positive cultures were purified and tested for growth upon two plates 
of the base medium supplemented with glutamine and yeast extract, respectively. 
An occasional culture was found to grow on the plate containing autoclaved yeast 
extract, but failed to grow on the glutamine-containing medium. Altogether, 36 
such cultures have been identified, of which 17 w'eie used in various phases of this 
study. These cultures were identified as Neissena gonorrhoeas by their typical 
morphology, oxidase activity and colony characteristics in the presence of an optimum 
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quantity of yeast extract; their alkali solubility; their capacity to ferment only 
glucose in a suitable medium; and their production of variants similar in every 
respect to the “nonnal” tjTje of gonococcus. 

Throughout most of this investigation, the Bacto Proteose Peptone No. 3 — 
hemoglobin agar was used as a test medium, since the cultures in question produced 
no trace of growth from light inocula unless suitable supplements were included. 
For the quantitative studies, 5 mg. % of C3^stine was added in some instances to 
increase the range of colony size (3). 

Pure chemical compounds to be tested for growth-promoting activity were dis- 
solved in sterile water and diluted as required without subsequent sterilization. 
Contamination was negligible. The yeast extracts vrere sterilized by Seitz filtration, 
hovrever. Appropriate dilutions of the test substance were pipetted to sterile plates 
and mixed thoroughly with a measured quantity of agar (usually 25 ml.). 

Estimation of growth response was mom or less subjective in the early phase of 
the study. Sectors of each plate in a aeries of concentrations of the test substance 
w'ere streaked with a standard loopful of broth suspension of the exacting cultures. 
A “normal” strain was alw^ays included for the dual purposes of registering any 
toxicity of the test substance and of serving as a standard of “optimum” growth. 
The amount of growth after incubation at 35®C., usually for 24 hours, was estimated 
and recorded as indicated in Table I. When comparisons were to be made of the 
activity of two different substances, the plates of each test series w^ere compared 
with each other. The results were fairly reproducible in separate experiments if the 
successive decreases in concentration were not less than 0.5-fold. 

A method for estimating average colony diameter of the gonococcus as a function 
of growth response, as suggested by Gould (4), has been adapted to this study, with 
certain modifications. A heavy suspension of an 18 hour culture was prepared in 
2 ml. of starch broth, and serial dilutions were made in the same medium. From 
the 1:1,000,000 dilution, 0.1 ml. was pipetted to each plate of the test series and 
spread evenly with an L-shaped glass rod, which was sterilized by immersing in 
alcohol, then burning away the adhering alcohol. The excess surface moisture on 
the inoculated plates was dried by inverting the plates in the incubator for 15 to 
30 minutes wdth tops removed. Following 48 hours incubation, the diameter of 20 
colonies on each plate was measured with a low-pow'cr binocular microscope fitted 
with an ocular micrometer. A bright light was neccssaiy to illuminate the translucent 
edges of the colonies, and the oxidase roagtmts were helpful in visualizing the smaller 
colonies. In few’’ of the experiments was the number of colonies less than 30 t)r mom 
than 120. In any one series the variation in number ramly exceeded rb 20%. This 
method of plating allow's a uniformity of colony distribution not possible with the 
streaking method used by Gould; moreover, elongation of the colonies along the 
line of streak is eliminated (Fig. 1). 

The proportionality of colony diameter to concentration of growth factor may be 
influenced bj' a number of conditions. For example, crow^ding greatly reduces colony 
size, so that only weU separated colonies should be measured. Colonies near the edge 
of the plate may be affected by the capillary rise of the agar on the side wall. Uni- 
formity in depth of agar may be controlled by using flat-bottom plates and 25 ml. 
of agar. It is very important to stabilize the test strain to the colonial type which 
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forms large, circular, entire colonies. Another factor, over which we havo not been 
able to exercise entirely satisfactory control, is the degree of drying of the agar 
surface. If the agar dries until lines of strain begin to show, the colonies will not 
develop to proportionate size. Close supervision of the drying process is necessary 
to avoid sigmficant error from this source. 


TABLE I 

Estimation of Giowth Response to Thiamine and Yeast Extract 


fsupple- 

mciit 

Concen- 

tiation 

Sttains 

3071 

1131 

i 

S31 j 

2740 (N) 


1 

1 

- 

— 

— 

++++ 


mg per cent 






5.0 

+ + + + 

++++ 


++++ 


1.0 

+ + 

+ + 

++ 

++++ 

Thiamine 

.4 

+ 



++++ 

(B.A) 

.1 

± 

± 

+ 

++++ 


.04 

± 

+ 

± 

++++ 


.01 

- 

- 

- 

++++ 


per cent 






,2 

+ + + + + + *“’ 

++++++ 

+ 4-"f +++ 

+-I- + H- + + 



+ + + + 

+ + + + 

+ + + 

+ + -h + 

Yeast 


+ + 

+ + 

+ + 

+ +++ 

extract*^ 

.001 

± 

± 

+ 



.0002 

± 


± 

+ + + + 




- 

± 

+ + 4-4- 


Per cent equivalent of dried yeast. 
Non-specific stimulation. 

(N ) “normal” strain. 


The source of the samples of thiamine chloride hydrochloride used in this study 
is indicated in Table II. Thiamine disulfide was prepared according to the method 
of Zima and Williams (5) and melted at 170®C., uncorrected. The 2-methyl-6- 
sulfonylmethyl-6-amdnop3nlmidine (“pyrimidine”) and 4-methyl-5-i5-hydroxyethyl- 
thiazole hydrochloride (“thiazole”) were prepared from thiamine by sulfite cleavage 
and subsequent crystallization (6). Thiamine monophosphate was obtained by 
heating a N HCl solution of cocarboxylase (Merck, synthetic) in a water bath at 
100“C. for 30 minutes, after the method of Lohmann and Schuster (7). 
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Fig. 1 

CJolony Diameter as a Function of Cooarbosylase Concentration 
The medium is Proteose Peptone No. 3 — hemoglobin agar plus 6 mg. % cystine. 
Plates "were inoculated with a 0.1 ml. of 1:10,000,000 dilution of culture suspension. 
All plates were ‘^developed" with the oxidase reagent, dimethyl-p-phenylenediamine 
hydrochloride. The concentration of cocarboxylase in each plate is: A, 0.25%; 
B, 0.15%; C, 0.08%; D, 0.01%; E, 0.006%; and F, no cocarboxylase. 
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Experimental Rl&llis 

Propel ties of the Theimostable Yeast Facto/ The t^pe of gonococcus 
consideied m this study yas fiist ob&ei\ed duiing a sui\ey of the 
incidence of those stiains yhich reqmie a thermolabile factoi of yeast 
extiact (glutamine) foi gro^^th It \\as noted that certain stiains, for 
y hich the yeast extiact supplement to the base medium y as a requisite 



Fig 2 

batolhle, Stmmlation of Cocarboxjlaae-Dcficient Gonococci 
The agai base contains 0 008% cocaiboxylase The two colonies of staphylococcal 
contaminants (white colonies) show marked zones of stimulation for the gonococcus 
(black colomes) 

for growth, would develop even though the extract had been auto- 
claved, a treatment which is destructive to glutamine. These stiains 
would grow also as satelhtes to a number of contaminating bacteria 
(Fig 2) ; or if the diagnostic specimen contained considerable pus or 
mucus, very small colomes might be obseived on some areas of the 
imsupplemented base medium It was found that a number of natuial 
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substances would supply the deficient nutrilite: liver extract, beef 
muscle extract, human and rabbit blood, human urine and cow’s milk. 
Ti\'o lots of Bacto desiccated yeast extract were inactive, however. 

At this point an attempt was made to substitute known growth 
factors, singly and in combination. The substances tested were: 
thiamine hydrochloride, nicotinic acid, nicotinamide, cozymasc I, 
riboflavin, calcium pantothenate, p-aminobenzoic acid, pyridoxine 
hydrochloride and a folic acid preparation (10 7 %, each): choline 
hydrochloride, adenine sulfate, guanine hydrochloride, xanthine, hypo- 
xanthine, uracil, “th3maine,” cytosine and adenine thiomethylpentose 
(100 7 % each); inositol, glutathione and cystine (1 mg. % each); and 
biotin (0.01 7 %). None of these substances exhibited any activity, 
except the “thymine” prepai'ation, which later proved to be mislabeled 
thiamine. Before this error in identity was discovered, however, 
synthetic thymine, thymosine, 5-methylcytosine, and yeast- and 
thymonucleic acids were tested, also without effect. The failure of the 
synthetic thymine to substitute led to further study of “the yeast 
extract. 

The yeast factor was not precipitated by mercuric acetate at an 
acid reaction, nor was it appreciably absorbed by Norit at pH 4 . 
Its activity was only slightly diminished following autoclaving in 
N H8SO4, but was completely destroyed by N NaOH under the same 
conditions. Incubatiop of the extract with sodium sulfite at pH 5 
destroyed approximately 99 % of its activity, and treatment with 
alkaline ferricyanide had a similar destructive effect. 

The Activity of Thiamine and its Derivatives. With this suggestive 
information at hand, thiamine hydrochloride was retested in higher 
concentration, and the active “thymine” was identified as thiamine 
( 9 ). In concentrations of 5 mg. %, or better, the thiamine hydrochloride 
could completely replace the yeast extract (Table I), and its stimu- 
latory effect could be detected in concentrations as low as 0.05 mg. %. 
The necessity for such an unusually high concentration of a growth 
factor to support optimum growth suggests that it is not the only 
active compound supplied by such natural substances as yeast and 
tissue extracts. In fact, the activity of yeast extract cannot be ex- 
plained on the basis of its thiamine content alone, since the dry weight 
of a concentrated extract required to produce the maximum effect 
(ca. 1.2 mg. %) is less than the quantity of thiamine (5 mg. %) 
necessary for equivalent growth stimulation. It seemed a reasonable 
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assumption, therefore, that cocarboxylase might be the active com- 
pound present in the yeast and tissue extracts. Before this supposition 
could be tested, however, certain other interesting observations were 
made. 

During a later experiment, in which a different sample of thiamine 
was being used, no growiih promoting effect on the same gonococcal 
strains could be detected. Other samples of thiamine were tested 
subsequently, with results indicated in Table II. Two samples, labeled 


TABLK II 

Comparison of Activity of Thiamine Samples 


Sample 

Concentiation 
foi maximum 
eftect 

Concentration 
foi mimmum 
effect 

1 Pei cent 

actiMtj 

1 of A 

Souiee 

Date of 
preparation 

A 

mg per cent 

5.0 

mo per cent 

.05 

" 

100 

SMACO 

1 

* May, 1941 

B 

50 

.5 

ca. 10 

(Merck) 

SMACO 

Dec., 1942 

C 

_ 


0 

(Merck) 

Merck 

Spring, '43 

D 

— 

— 

0 

Eastman 

? 

E 


.5 

ca. 10 

SMACO 

1942 

F 

10 

.1 

ca. 50 

(Merck) 

Eastman 

? 

N* 


.01 

ca. 500 

Merck 

“old” 



.1 

ca. 50 

J.K. CHne 

“old” 


pi 

th 


f Natural thiamine. 

* Thiamine bromide hvdrobromide. 


PjC and BiD, were inactive in the highest concentration tested 
(100 mg. %). Samples BiB and BiE possessed approximately 10% 
of the actmty of the original reference sample, BiA; while BiF and 
BiG were about 50% as effective as the reference compound. On the 
other hand, an “old” sample of natural thiamine (Merck) possessed 
about 5-fold the activity of BiA and produced somewhat larger 
colonies (Fig. 3). 

The cause of this marked difference in activity of the eight thiamine 
samples has not been determined. Several possibilities are suggested, 
however: (1) that the active samples may be contaminated with small 
quantities of a highly active compound {e.g., cocarboxylase) either 
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during its preparation or as the result of mold or bacterial groTviih 
during storage; (2) thiamine maj" undergo some chemical transforma- 
tion such as oxidation or cleavage, Avith resultant formation of an 
active compound; (3) exposure to light or to laboratory gases may be 
responsible for formation of active derivatives; and (4) the inactive 
samples may contain an inhibitor which antagonizes any inherent 
activity of the thiamine. This last possibility was eliminated by 
mixing varjdng proportions of BiA and BiC in the test medium; in 
every instance the growth response was practically equivalent to that 



Growth Re-sponse of Cooarboxylase-Deficienl Straiiii. to Certain Samples 
of Tluamine Hydrochloride 


obtained Avith BiA alone. The tliird possibility has not been tested, 
although it is certainly worthy of consideration. No evidence of 
significant contamination by molds or bacteria was obtained; in fact, 
unfiltered solutions of all samples were incorporated into the agar base 
with ne^pble contamination. Moreover, microscopic examination of 
concentrated solutions failed to reveal any fragments of fungal hyphae. 
In consideration of the improbable chance that synthetic thiamine 
might be contaminated with mono- or diphosphothiamine during its 
preparation, an attempt was made to eliminate this remote possibility. 
This will be discussed later. 
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The activity of several oxidation and cleavage products of thiamine 
has been investigated (Table III). Neither thiochrome (Merck) nor 
thiamine disulfide showed more than a trace of actmty. The '^py- 
rimidine'^ fraction of thiamine was completely inactive, while “thia- 
zole" was found to be 1 to 2% as effective as BiA. An equimolecular 
mixture of the two cleavage products was no more active than the 
thiazole moiety alone. Unlike the thiamine samples, however, the 
thiazole did not promote growth of all test strains to an equal degree. 
In this connection it is interesting to note that sulfite cleavage of an 
ineffective thiamine preparation (BiC) resulted in acquisition of slight 
activity, equal to that possessed by the thiazole product, whereas 
similar treatment of BiA destroyed all activity except the 1 to 2% 


TABLE III 

Activity of Thiamme Deiivativea 


Derivative 
‘Tyrimidine” 
*Thia^iole”* 
Pyrimidine + thiazole 
Thiochrome 
Thiamine disulfide 


Per cent activity of reference 
thiamine sample (BiA; 

0 

ca, 1.0 
ca. 1.0 
< 1.0 
< 1.0 


* Some strains show greater response than others. 


attributable to the thiazole. When autoclaved in solution at pH 2.3 
the activity of BiA was diminished but slightly, while autoclaving at 
pH 9.6 destroyed all growth-promoting effect. It seems evident from 
these results that none of the more familiar oxidation and cleavage 
products of thiamine are responsible for the activity of the effective 
samples. 

These observations .do not eliminate the possibility that thiamine 
may undergo some chemical transformation during aging or exposure 
to a variety of conditions in the laboratory. Indeed, a check on the 
age of the several samples does suggest such a contingency. In Table II 
it may be noted that the activity is directly related to the age of at 
least some of the specimens. The sample of natural thiamine is probably 
older than any of the synthetic compounds. Moreover, when BiB was 
first tested in December 1943, it was devoid of effect, yet when retested 
in August 1944 with the other samples, it possessed an activity of 
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about 10%. Two of the same test strains of gonococcus were used on 
both occasions. 

Cocarboxylase and Thiamine Monophosphate. When a sample of 
cocarboxylase (Merck, S 3 mthetic) was tested, it became evident at 
once that the high activity of the several tissue extracts could be 
explained on the basis of their content of this coenzyme. A concen- 
tration of 0.1 Y % cocarboxylaso supported optimum groni;h of all 12 
test strains, as determined by the streak plate method, and a trace of 



Growth Response of Cocarboxylase-Defieiont Strain to Cocarbo.’cylaso 
and Thiamine Orthophosphate 

growth was detected with as little as 0.001 y %. From this point in 
the study, the average colony diameter was used as a quantitative 
expression of growth response. By this means the growth response of 
strain No. 1436 to cocarboxylase and to thiamine monophosphate 
was compared (Fig. 4). Quantities of thiamine monophosphate are 
given in terms of cocarboxylase in order that comparisons on a molar 
basis may be made. From the results of several tests it was found that 
the activity of the monophosphate is about 80% that of cocarboxylase, 
although this value varies somewhat with the portion of the curves 
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used for comparison. In this and subsequent determinations the 
maximum colony diameter was obtained with 0.2 7 % cocarboxylase, 
and very minute colonies could be observed on the plate containing 
0.001 7 %. 

The Effect of Phosphatase (Takadiastase) upon Cocarboxylase and 
Tissue Extracts, If the growth promoting effect of various tissue 
extracts is due to their content of cocarboxylase (or thiamine mono- 
phosphate), their activity should be eliminated largely by phosphatase 
cleavage. To test this effect, cocarboxylase and several tissue extracts 
w’ere incubated with takadiastase for 24 hours after the method 
described by Cheldelin and associates (8), except that a fluid extract 
of takadiastase (44 mg. per ml.) w^as used. The results, as presented 
in Table IV, demonstrate that all the natural substances lose the 
major portion of their acthity when treated with takadiastase, 
although the residual actmty varied widely with different substances. 
While cocarboxylase retained only 0.1% of its original potency 
following takadiastase treatment, the tissue extracts retained 1 to 2% 
of their activity, and yeast extract and red blood cells lost only 80 to 
90% of their original equivalent of cocarboxylase. Since the de- 
phosphorylation of cocarboxylase by phosphatase is an equilibrium 
reaction, the differences observed in residual activity of the various 
extracts may be due, in part at least, to their relative concentrations 
of free thiamine and cocarboxylase before the phosphatase is applied. 
It is not certain, however, that the relatively great residual activity 
of the yeast extract and blood cells can be explained entirely on this 
basis, although considerable free thiamine must be present in an 
extract of dried yeast owing to the action of yeast phosphatase. 
Other substances possessing growth-promoting effect might be present, 
how’ever; or cocarboxylase may be present as a firmly bound form 
not readily attacked by phosphatase (10). 

The extent of inhibition of dephosphorylation of cocarboxylase by 
free thiamine is shown in Fig. 5. The results w'ere obtained by mixing 
thiamine and cocarboxylase (the quantity of the latter remaining 
constant) in the ratios indicated, incubating 24 hours with takadiastase, 
and assaying the residual cocarboxylase with strain No. 1436. For 
ratios of thiamine to cocarboxylase below 100, the inhibitory effect 
on phosphatase cleavage appeared to be slight and fairly constant, 
but for ratios above this level the residual cocarboxylase rises signifi- 
cantly. Westenbrink and van Dorp (12) obseiwed marked inhibition 
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of phosphatase with a much smaller quantity of thiamine and pyrimi- 
dine, but their assays were conducted wdthin 30 minutes after the 
addition of the phosphatase, and their time curves of cocarboxylase 

# 

TABLE IV 


Cocarhoxylase Assay Values of Natural Materials Before and 
After Takadiastase Tieatincrd 


Material 

i 

Concentration, 
g /lOO ml *• 
of agar 

Colonj^ 

diameter, 

mm 

E<{un alent of 
cocarboxv lose 
(7) 

Aveiage, 

ils- 

Pei cent 
dObtio\ed by 
takadiastabo 

Beef Muscle 

.4 

1.8 

.21 




.2 

1.2 


.22 

99 


i .1 

.9 




Pork Muscle 

•1 

2.5 

1.32 




.04 j 

1.3 

1.25 

1.27 

99 


.02 

1.0 

1.25 



Beef Liver 

.2 

2.3 





.1 

1.8 

.84 i 

.73 

98.4 


.04 

.. 

1.0 

.75 1 



Urine No, 1 

10.0% 

.8 


.15 7 per 




7.5 

.6 

moiii 

100 ml. 


Urine No. 2 

10.0% 

.6 

.1 

.1 7 per 




7.5 



100 ml. 


Red Blood 

.5 

1.2 

8.6 

9.9 7 per 


Cells 

.25 

1.0 

11.2 

100 ml. 

80 

(Human) 

.1 

.6 

10.0 

blood 


Plasma** 

(Human) 

10% 

0 

0 

0 

— 


* Wet weight. 

** No growth at highest test level. 


hydrolysis, with and without thiamine or pyrimidine, tend to converge 
within this short period. 

If the growth promoting effect of the several active samples of 
thiamine were due to contamination by traces of cocarboxylase or 
thiamine monophosphate, this activity should be destroyed by taka- 
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diastase, mthin the limit imposed by the relatively high ratio of 
thiamine present. For sample BiA it was calculated that 1 part 
cocarboxylase to 40,000 parts thiamine w’ould have to be present to 
account for the acthdty of this sample. Referring to Fig. 5, it w^as 
estimated that takadiastase should destroy 95^ of the activity in 24 
hours. Repeated tests with this sample, how^ever, failed to show any 
detectable diminution of activity during 24 hours exposure to taka- 
diastase. Hence, it seems unlikely that phosphothiamine can be 
responsible for the activity of this sample. 



Fig. 5 

Inhibition of Phosphatase Cleavage of Cocarboxylase by Thiamine 

The Inhibition of Cocarboxylase Utilization by Thiamine. A number 
of compounds are knowm to inhibit the synthesis and functioning of 
the carboxylase system. Buchman, et al. (13), for example, demon- 
strated that thiazole diphosphate markedly inhibits the decarboxyla- 
tion of pynivate by alkaline-w’ashed yeast in the presence of added 
cocarboxylase. This inhibition w^as explained on the basis of a *‘compe- 
tition between cocarboxylase and thiazole pyrophosphate for the 
specific carboxjdase protein with w^hich the tw^o are similarly able to 
combine.^' According to Weil-Malherbe (14), adenosine triphosphate 
in excess similarly inhibits cocarboxylase as a result of competition 
for the apoenzyme. More recently, Woolley and 'WTiite (16) and Wyss 
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(16) have demonstrated that pyrithiamine, the pyridine analogue of 
thiamine, competitively inhibits the utilization of thiamine, particu- 
larly by microorganisms for which the latter is an essential growth 
factor. Sarett and Cheldelin (17) have reported that pyrithiamine and 
6-aminopyrimidine compounds inhibit the utilization of cocarboxylase 
by Lactobacillus fermenti more than they inhibit the use of thiamine. 
It might be expected that pyrithiamine and 6-aminopyrimidine would 
antagonize phosphothiamine utilization by the gonococci considered 
here. Moreover, it is also quite possible that thiamine itself might 
exert some antagonism, since it appears to be metabolically inert for 
these organisms, yet by mass action it might saturate the apoenzyme 



Fig. 6 

Inhibitory Effect ot Thiamine on Cocarbo.xylaso Utilization 


in competition with the functionally active thiamine diphosphate. 
This possibility was tested by mixing thiamine and cocarboxylase in 
the proportions indicated (Fig. 6), then assaying for the effective 
equivalent of cocarboxylase. When the ratio of thiamine to cocarbox- 
ylase was 10®, about 10 times as much cocarboxylase was required to 
produce growth equivalent to that obtained in the absence of thiamine. 
Smaller quantities of thiamine necessitated proportionately smaller 
additions of cocarboxylase to effect the same growth response. 

Production of ^*NormaV^ Variants of the Cocarboxylase-'Deficient 
Strains. Unless the cocarboxylase-deficient strains are cultivated on a 
medium containing the optimum quantity of this substance, they are 
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prone to revert to the “normal” type, which grows w^ell without a 
supplement of phosphothiamine Such normal variants can also be 
obtained by cultivation in broth containing suboptimal quantities of 
the coenzj’-me, or by plating massive inocula (i c., a billion or more 
cells) upon the deficient base medium. Each of these methods yields 
variants completely independent of added phosphothiamine. IMore- 
over, colonies of such variants, as well as of other normal strains of 
gonococcus, stimulate satellite grow'th of the deficient strains. It 
seems likely, therefore, that these variants have acquired the capacit}' 
for phosphorylation of thiamine. Certain lines of e\ddence, to be 
presented elsew’here, indicate that the deficient strains give rise to 
occasional “mutant” cells w’hich are selected by conditions unfavorable 
to the survival of the deficient parent cells. The ratio of these variant 
cells to the deficient parent cells is so low (perhaps 1 per billion) that 
they are completely submerged in a culture population for w’hich an 
ample supply of phosphothiamine is available. Only w^hen the supply 
is limited do they become a recognizable and dominant part of the 
culture. 

When these fastidious strains are grown upon a medium containing 
a suboptimal quantity of cocarboxylase they exhibit various morpho- 
logical aberrations. The cells vary widely in size, with large, swollen 
cells predominating, although minute forms may be present. Many 
cells shoW^ a tendency to retain the gram stain, but on the other hand, 
poorly stained or vacuolated “ring” forms are numerous. A striking 
characteristic is the pronounced tendency to form tetrads and sarcina 
groups, w^hich, with the large cells and the partial retention of crystal 
violet, often presents a picture strikingly similar to that of Gaffkya 
tetragena or Sarcina lutea. Such deviations in morphology are most 
marked w^hen the quantity of cocarboxjiase is just suflScient for 
growth, and decreases progressively as the concentration increases. 
When transplanted to a well-supplemented medium, these atypical 
forms quickly revert to the normal morphology. 

Discussion 

Few instances have been reported in which microorganisms show' 
preferential utilization of coenzymes as compared with their con- 
stituent vitamin moieties. For Streptococcus salivariusj Niven and 
Smiley (18) found cocarboxylase to be 40% more active than thiamine, 
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while Sarett and Cheldelin (19) observed 30% better growth response 
of L. fermenti to cocarboxylase up to 18 hours incubation, although 
at 24 hours thiamine was equally’' effective in equimolecular amounts. 
Examples of obligatory utilization of coenzymes are at present limited 
to the codehydrogenase I requirement of Hemophilus influenzae and 
H. parainfluenzae. This requirement is not absolute, however, since 
Gingrich and Schlenk (20) have demonstrated that nicotinamide 
riboside and codehydrogenase II may be utilized, although far less 
efficiently. The dihydrocodehydrogenase I was found to be equally as 
effective as the oxidized coenzyme, whereas the artificial derivative, 
desaminocodehydrogenase I possessed about 60% activity. 

The cocarboxylase requirements of these deficient gonococci appear 
to be related to some failure in their mechanism for phosphorylation 
of thiamine. Weil-Malherbe (14) and Lipton and Elvehjem (21) have 
presented evidence that adenosine triphosphate is the immediate 
phosphate donor involved in the phosphorylation of thiamine by yeast. 
It was postulated by the former investigator that the pyrophosphate 
group is transferred in toto to free thiamine, and that the mono- 
phosphate is not an intermediate in the synthesis of cocarboxylase. 
Moreover, Weil-Malherbe suggests that thiamine monophosphate 
must be hydrolyzed first to thiamine before it can be phosphorylated 
to cocarboxylase. The evidence obtained in this study suggests that 
the gonococcus, at least, effects a two-stage phosphorylation of thia- 
mine. The inability of the fastidious gonococci to phosphoiylate 
thiamine appears to apply only to the initial stage of the process, 
since thiamine monophosphate is roughly 80% as active as the di- 
phosphate. While it is conceivable that monophosphothiamine may 
function as such (or rather in association with the apocnzyme), it is 
considerably more likely that it is converted to diphosphothiamine, as 
this is the only compound known to possess cocarboxylaso activity. 
Whether two different phosphorylases are involved in conversion of 
thiamine to thiamine diphosphate by the gonococcus (in which ease 
one is lacking in the exacting strains), or whether the usual phos- 
phorylase is present but ‘‘defective'' to the extent that it cannot 
initiate the process, can only be speculated upon with the information 
at hand. 

One of the most puzzling aspects of the problem is the fact that the 
thiazole component of thiamine exhibits roughly one millionth the 
activity of cocarboxylase, whereas presumably pure thiamine (samples 
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BiC and BiD) shows no trace of growth stimulation unless the thiazole 
is released by cleavage. Xo less perplexing, however, is the nature of 
the active “contaminating substance” in some of the thiamine sam- 
ples. Although the most effective thiamine (BiX) is approximately 
1 /10,000th as potent as cocarboxylase, the active substance itself must 
possess considerably greater activity, if it be assumed that the active 
factor constitutes a relatively small portion of the thiamine sample. 
Moreover, the incomplete destruction of the activity of yeast extract 
by takadiastase suggests the possible existence of an active natural 
substance other than cocarboxjdase or monophosphothiamine. 

Although no attempt has been made to adapt the phosphothiamine 
requirements of the gonococcus to an assay method for cocarboxylase, 
such a possibility suggests itself. The obvious disadvantages of such a 
test organism and the lack of precision of the colony diameter method 
of estimating growth response are significant handicaps to such an 
assay. Moreover, these organisms respond similarly to both mono- 
and diphosphothiamine. The most serious objection, however, is the 
possibility of the natural occurrence of the unknoTMi component of the 
active thiamine samples, which would render the test nonspecific. 
Possibly this last objection might be overcome by using phosphatase- 
treated controls, since the thiamine “contaminant” is unaffected by 
takadiastase, in contrast to the labile phosphothiamines. On the 
other hand, such a test might be useful to detect small quantities of 
cocarboxylase for which the thiochrome and yeast assays are insuffi- 
ciently sensitive. It is generally considered, for example, that cocar- 
boxylase is normally absent from urine (22, 23, 24), yet the results in 
Table IV indicate .1 to .15 7 phosphothiamine per 100 ml., although 
of course this may be actually the monophosphate. Xo trace was 
detected in human plasma, however, in accord with previous findings 
(22), and the value for whole blood is within the accepted xauge 
(22, 23, 25). The values of cocarbo.xylase in tissue extracts are low 
(26, 27) but no attempt was made to obtain the tissues before autolysis 
occurred. Moreover, it is quite likely that extraction of the tissues 
was far from complete. No recovery tests were run, as the absolute 
value of cocarboxylase was not in question. 

The synthesis of cocarboxylase by yeast and bactei’ia has been 
demonstrated (28, 29), but it has been suggested that the amount 
produced is just sufficient to saturate the apoenzyme present in the 
cell to form a firmly-bound protein-coenzyme complex (14, 17, 28). 
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It appears that this problem might be reinvestigated with profit, 
however, in view of the strong satellite stimulation (Fig. 2) of deficient 
gonococci by certain contaminating microorganisms. This observation 
suggests that phosphothiamine in considerable excess over the im- 
mediate needs of the cells is produced and diffuses into the medium. 

Finally, the necessity for presynthesized phosphothiamine as a 
growth factor for these organisms fails to support the stated hypothesis 
that thiamine is attached to the apoenzyme before phosphorylation 
occurs (17). 
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Summary 

Certain occasional strains of the gonococcus require for growth a 
thermostable factor present in yeast, blood, and tissue extracts. The 
activity of these extracts is destroyed by alkali, acid sulfite, and 
takadiastase. 

Cocarboxylase will substitute completely for the natural materials. 
Maximum colony diameter is produced by 0.2 y %, and a trace of 
growth may be detected with as little as 0.002 y %. Thiamine mono- 
phosphate shoAvs about 80% of the activity of cocarboxylase. Within 
these limits, and under the proper conditions of culture, the colony 
diameter of the gonococcus is directly related to the concentration of 
phosphothiamine. 

Certain samples of iliiaminc possess growth-promoting activity 
when present in high concentration, whereas other samples are devoid 
of such effect. In general, the older samples are the most potent. The 
more common oxidation and cleavage products of thiamine have little 
or no activity. 

Thiamine competitively inhibits the utilization of cocarboxylase by 
these organisms. 

Under the proper conditions of culture, these cocarboxylase-deficient 
strains give rise to variants which are identical with the ‘‘normal” type 
of gonococcus and which appear to synthesize phosphothiamine. 
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Inteoduction 

Micrococcus lysodeikticus is useful in the study of oxidation of 
carbohydrates since at least two preparations can be obtained from 
this organism which are oxidatively active, yet circumvent permea- 
bility .difficulties encountered in work with intact cells. One preparation 
is secured by lysis of the cells, e.g., by saliva or egg white, containing 
lysozyme (7); the second preparation is obtained by treating cells 
with acetone (8). Lysed preparations are permeable to substances 
such as oxalacetate and retain the capacity to oxidize several im- 
portant carbohydrate intermediates, e.g., pyruvate and fumarate (9). 
Acetone-treated cells are more permeable than untreated cells. Both 
preparations have the disadvantage that they do not oxidize certain 
substances (21) readily attacked by intact cells, e.g., succinate and 
acetate. 

Our experiments demonstrate that the oxidative powers of lysed 
preparations are greatly enhanced by additions of NaCl. After such 
additions, the properties of the lysed cells are similar to those of 
intact cells. Acetyl phosphate is oxidized by NaCl-treated lysed cells 
and a preliminary examination has been made of this substance as a 
possible intermediate of pyruvate and acetate oxidation. 

Methods 

M. lysodeikticus was grown in Roux bottles on a medium containing: 1% glucose, 
0.4% yeast extract, 2% agar and 10% tap water. The bottles were heavily inoculated 
by streaking the entire surface of the agar and then incubated for 72-96 hours at 
SO^C. The cells were washed oS the agar, jSltered through ^iass wool, and washed 
two or three times with water for fifteen minutes with mechanical shaking. The 
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cells were then placed in a tliin layer on a porous plate and dried in vacuo. The dried 
material was ground lightly in a mortar and the resulting powder stored in the cold 
for several weeks without appreciable loss of activity. Lysed preparations from 
dried cells appear similar in all observable characteristics to lysed preparations from 
undried colls. 

At the time of the experiment, the dried cells were washed thoroughly by sus- 
pending in water, 100 ml. per g., and shaking vigorously in a mechanical shaker for 
fifteen minutes. The suspension was centrifuged and the process repeated twict\ 
Lysis was obtained by adding 3 ml. of a 1:20 solution of egg white per g. of dricnl 
cells. After addition of the egg white, the cells were made up to a final concentration 
of 80 mg. per ml. by addition of physiological saline. Thirty to fifty minutes were 
necessary for l3^is at 30®C.,* the exact time was dependent on the strength of the 
lysozyme in the egg white solution. Occasional shaking aided lysis. Lysis can b(‘ 
followed roughly by obsoiwing the change in color of the preparation; during th(‘ 
process the color of the suspension changes from a bright yellow to a greenish yellow. 
Changes in viscosity and the production of HsS also occur. 

Pyruvate was determined manometrically by decarboxylation wath eerie sulfat-o 
(11). Inorganic phosphate was determined colorimetrically according to Fiske and 
SubbaRow (6) and acetyl phosphate by the method of Lipmann and Tuttle (16). 
Acetyl phosphate was used as the lithium salt or as the sodium salt as prepared from 
the synthetic disilver product.f Adenosine triphosphate was prepared as the sodium 
salt from the dibarium salt and sodium adenylate by neutralizing a sample of the 
commercial acid. 

The experiments were conducted on the Barcroft-Warburg apparatus at 30.4®C. 
under conditions described more completely in connection with the individual 
experiments. 


Experimental 

Effect of NaCl upon Oxidation by Lysed Cells 

The addition of NaCl to lysed preparations of M, lysodeikticus 
markedly affects the oxidative properties of such preparations. 
Table I gives a summary of one typical experiment sliowing the 
of the addition of salt on the oxidation of a number of substrates. 
Lysed cells were tipped in from the side arm at the end of a foily- 
minute lysis period. NaCl was absent in the flasks in Column 1, but 
the lysed cells were added to a mixture containing 0.4 M NaCl in 
addition to substrate and buffer in Column 2. It should be })ointcd 
out that lysis does not cease entirely when the reaction is initiated 

The egg white was prepared by dilution with physiological saline and was storo<l 
for several weeks in the ice box with gradual loss of activity. 

t We wish to thank Dr. Fritz Lipmann for the two synthetic salts of acetyl phos- 
phate. 
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by tipping the lysed cells into the main chamber. Because of the 
dilution of the lysozyme by the other constituents, the process is 
considerably retarded. Lysis continues slowly until the cells are almost 
inactive oxidatively. Possibly the presence of NaCl in the flasks at 
the time of addition of the lysed cells inhibits further lysis. This 
point will bo discussed more fully in connection with Fig. 1. 

In the experiments of Table I, fumarate, pyruvate and lactate were 
oxidized rapidly without addition of NaCl; succinate, a-ketoglutarato 
and, possibly, citrate wore oxidized slowly, whereas glucose and acetate 
appeared to be unoxidized. In all of the above cases, oxidation of a 

TABLE I 

Effect of NaCl on Onulatuma by Lyi,ed Piepaiattons from M. lyaodetkluus 


Expt. 

* 

ul. Ojruptakc m 90 minuies 

No. 

Hubsliate 

No NaCl 

0.4 M NaCl 

1 

None 

103 

248 

2 

Acc<ale 

02 

412 

3 

Glu(‘Osc 

128 

318 

4 

Citrate 

148 

282 

5 

a-Kotoglutaratc 

181 

424 

0 

Sucemato 

219 

444 

7 

Pynivate 

305 

540 

8 

Tjactato 

330 

410 

9 

Fumarate 

415 

401 


Eadi flask contained 40 mg. (dry wt.) colls lysed foi 40 minutes; 0.06 M* phosphate 
buffer, pH 6.2, 0.03 M sulistrate (sodium salts in case of acids); water to 2.0 ml. 
Center well contaim'd 0.3 ml. 20% KOH. 

* Values as final comvntiations. 

substrate was judged by the increase in Oj-uptako over the endogenous 
respiration caused by addition of the substrate. Additions of 0.4 iW 
NaCl caused little change in the Os-uptake on lactate and fumarate, 
but stimulated the oxidation of pyruvate. Considerable increases in 
respiration were noted with succinate, a-ketoglutarate and especially 
with acetate. The effect upon the endogenous reaction was largo, and 
it is doubtful whether the increases observed upon additions of NaCl 
to glucose and citrate were sufficiently large to indicate their oxidation. 

It is interesting that the oxidation rates of fumarate, a-ketoglutarate, 
lactate and succinate were approximately equal after addition of NaCl. 
The rapid oxidation of a-ketoglutaratc by the preparation is note- 
worthy since it is one of the key compounds of the Krebs tricarboxylic 
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cycle (10). Many species of bacteria and ycasis have boon reported 
to be unable to oxidize this compound rapidly. (Htrato, anot.her 
compound concerned in the cycle, is not actively oxidized, even in t he 
presence of NaCl. However, a number of other tissues have also be('n 
reported to be unable to oxidize citrate, at least under eeri.ain <‘ondi“ 
tions (2, 23). This deficiency is not, however, a serious objection to 
the scheme, since recent work with carbon isotopes htos indicated that 
citrate is not a cardinal participant in the cycle (28). 

The marked stimulation of acetate oxidation provides an oppoituniiiy 
to study the mechanism of this oxidation with a preparation not 
involving intact cells, and hence more susceptible to the varied 
techniques employed in intermediary metabolism studies such as 
dialysis and enzyme purification. 

Effect of NaCl on Pj/nwate Oxidation 

Krampitz and Workman (9) have reported that lysed pro])ai’aii()ns 
of M. lysodeikticKs (without NaCl) oxidize pyruvate to acetate and 
CO2 (Reaction 1). Acetate is not further oxidized in completely 
lysed cells. 

CH3COCOOH + I/2O2 CH3COOH + CO2 ( 1 ) 

This type of respiration has an R.Q. of 2 and an 02/pyruvate ratio of 
0.5. As shown in Expt. 3 of Table II, these values arc closely ap- 
proached with lysed cells in which no NaCl is added. There is some 


TABLE II 

Effect of NaCl upon Pynmaie Oxidation by Lyml Cdk * 






U.Q. 


1 Oj-I*viuv«l(‘ Unlic) 

MuK. 

No. 

A(l<litioiu{ 

Oj 

Ml. 

Vih 

Ml. 

1 

nil cot 

for 

lOndoffi*- 

ryniMilc 

utiliAsl 

Ml. 

DinTl 

<VnMs*(<si 

for 

Mndoffc- 






nous 



liOOM 

1 

None 

107 

108 

1.01 


- . 



2 

NaCl 

246 

250 

1.02 

— 

- 


- 

3 

Pyruvate 

306 

656 

1.82 

(2.26) 

611 

0.6 

(0.30) 

4 

Pyruvate + NaCl 

540 

751 

1.38 

(1.72) 

328 

1.6 

(0.87) 


Each flask contained 40 mg. lysed cells and 0.06 M phosphate buffer (pIT 6.2), in 
a total volume of 2.0 ml. If indicated, 0.5 M NaCl and 0.015 M Na pyruvate wore 
added. CO 2 values obtained by the two-cup method. Time, 60 minutes. 
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uncertainty in the calculation of the R.Q., since it is difficult to 
determine the proper correction for the endogenous respiration in such 
experiments. Subtraction of the entire amount of the endogenous 
values (brackets) results in an R.Q. of 2.26. Although this value is 
])robabIy not correct, unless an anaerobic decarboxylation was taking 
place, it is not satisfactory to disregard the endogenous entirely as 
has been done in the other R.Q. figures. The true correction probably 
lies somewhere between these two extremes. 

Addition of NaCl to the pyruvate oxidation would be expected to 
change the R.Q. since the previous experiment has shown that acetate 
is oxidized by NaCl-treated preparations. If there is a comparable 
effect upon pyruvate oxidation, the reaction should proceed according 
to Reaction 2. 


CHsCOCOOH + 2.502 3002 + 2 H 2 O (2) 

In this oxidation, the R.Q. is 1.2 and the 02 /pyruvate ratio, 2.5. 
The shift in R.(i. and () 2 /pyruvate ratio caused by addition of Na('l 
(l^xpt. 4) is in this direction and indicates that the oxidation is ap- 
proaching the course illustrated by Reaction 2. 

According to Expts. 1 and 2 of Table II, the endogenous respiration 
luxs an R.Q. of 1.0, either in the presence or absence of NaCl. This 
value suggests that glucose or a polysaccharide is the substrate of the 
endogenous respiration. 


Nature of the Salt Effect 

The exact natuie of the cffc<d caused by addition of NaCl is not 
clear. Upon addition, a visible ]>reci])itatc can often be seen to form 
in manomeU'r flask. It is possible that this aggregating action 
furnislu's a surface for previously dispersed enzymes to come into 
contact with ea<*h other or with substrates an<l coenzymes, and in that 
way pr()mot<'s oxidation. Another fa(‘tor which must be considered is 
the possible cessation or inhibition of the lysing pro<»esH ui)on addition 
of NaCl because of inactivation of lysozyme. The lysing process 
ordinarily continues until a gel is formed (60-80 minutes) and the 
preparation finally becomes inactive. The addition of salt must be 
made before the gel formation occurs if stimulation is to result. Tlie 
NaCl undoubtedly retards this process, but a consideration of the 
experiments of Fig. 1, makes it unlikely that an inhil^ition of lysozyme 
is solely responsible for the salt activation. 
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If the only action of NaCl is to prevent furtlici* lysis, the rate of 
oxidation following NaCl addition can not be greater than the rate 
preceding the addition of the NaCl. On the other hand, if NaC^J has 
an activating effect upon the lysed preparation, an increase in rate 
should occur upon addition of salt to the preparation. That such an 
increase occui-s is shown in Fig. 1, In this experiment, M. li/sodeikticus 



Pig. 1 

EffooL of Time of Lysis on Stimulation of Oxidation of Acetate by NaCl 
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was lysed in the usual way and tested for oxidation upon acetate. 
Readings were started at 40 minutes by tipping in the Ij^sed cells from 
the side arm of the manometer vessel. The oxidative rate of sucli a 
preparation is shown by the solid lino of Curve 1. The much higher 
rate exhibited by a NaCl-fortified preparation is shown in Curve 4. 
Here the NaCl was tipped in at 40 minutes along with the lysed cells. 
In a duplicate cup, represented by Cuivc 3, NaCl was tipped in from 
a second side-arm after 60 minutes, i.e., after 20 additional minutes 
of lysis. If the sole effect of the NaCl added at sixty minutes was to 
atop lysis, the rate should remain unchanged after addition of NaCl. 
Curve 3 shows that a large change in the rate of 02-uptake occurred 
immediately, and the slope of the lino is considerably greater than 
that of the unfortified preparation (Curve 1) for the previous twenty 
minutes (40-60 minutes). Thus, it is apparent that a cessation of 
lysis cannot be solely responsible for the observed NaCl effect. Curve 
2 shows the result of NaCl addition after 80 minutes of lysis. In this 
case, gel formation has occurred and the salt has little effect upon the 
oxidative rate. It has been observed with more dilute preparations of 
cells (less than 80 mg./ml.) that the point at which NaCl is ineffective 
occurs in less than 80 minutes. 

The effect of the NaCl is non-specific. Addition of 0.3 ml. of a 
saturated solution of (NH 4 ) 2 S 04 in a total volume of 2.0 ml. had 
essentially the same effect an 0.4-0.6 M NaCl. 

The most effective concentration of NaCl for stimulation of oxidation 
varies with the substrate. For example, the optimal stimulation of 
endogenous and of acetate oxidations occurs at NaCl concentrations 
of 0.2 and 0.6 M, I’ospectively. 

Oxidation of Acetyl Phosphate by NaCl-Treated Ijysed Cells 

'rhero has been considerable speculation as to the role of acetyl 
phosphate in i)yruvate and acetate oxidation, since Lipmann’s demon- 
st ration of this compound as an oxidation product of pyruvate by 
Ijoctobacillus delbrUckii (14). In the oxidation of pyruvate by L. 
delbrUckii, acetyl phosphate is dephosphorylated to acetic acid but no 
further oxidation occurs. However, since complete oxidation of pyru- 
vate to CO 2 and H 2 O (Reaction 2) is a well-known reaction of many 
animal tissues and microorganisms, it is possible acetyl phosphate 
may be an intermediate in the process. Furthermore, acetyl phosphate 
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may bo an intermediate in the oxidation of acetate, whi<*li occurs 
with curtain animal tissues (5) and in some bacteria. 

Although acetyl phosphate formation has been reported during two 
anaerobic dissimilations of pyruvate by l^acteria (12, 24), in addition 
to the aerobic formation by L. delhruckii^ little light IiavS been shod 
on its aerobic function. Ochoa, Peters, and Stocken (20) reported 
that acetyl phosphate failed to increase the 02-uptake of l)rain prepara- 
tions and also failed to act as a phosphate donor in the same tissue. 

We have found that acetyl phosphate is metabolized by Na(4- 
treated lysed preparations fium M, lyHodeikticiis, The labile phosi)hate 
can be transferred from acetyl phosphate to an acceptor such as 
adenylic acid. In addition, there is evidence to indicate tliat acetyl 
phosphate is oxidized readily by the preparations. 

Transfer of Phosphate from Acetyl Phosphate to Adenylic Acid 

Experiments described in Tabic III dcmonstintc that phospliato is 
readily transferred from acetyl phosphate to adenylic a(d(l. In all of 
these experiments, 0.4 M NaCl was added to the flask. Determinations 
of true inorganic P, acetyl phosphate-P, and adenosine triphosphatci-P 
(ATP-P) show the nature of the reaction. 

TABLE III 


Transfer of Phosphate from Acetyl Phosphate to Adenylic Avid 



* AA =* adenylic acid. 

Each flask contained 40 mg. lysed cells, 0.03 M phosphate buffer (pll 0.2) and 
0.4 M NaCl in a total volume of 2,0 ml. If indicated: 224 /J adenylic arid, 330 yX 
acetyl PO 4 . Reaction time was 90 minutes. 
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In all experiments of Table III, including 4 and 7, in which no 
enzyme was added, a considerable hydrolysis of acetyl phosphate to 
acetic acid and phosphoric acid occurred. This was to be cxi)ected as 
the compound is very labile. The inorganic P liberated during the 
experiment, plus the ATP-P formed, should equal the acet}^ phos- 
phate-P decrease, if no other phosphate changes involving any of 
these compounds occurred. This condition of balance holds fairly well 
in all experiments of Table III. 

In Expts. 1-4, the reactions were carried out in air and the 02-uptake 
was measured. When acetyl phosphate was added to the preparation 
(l^xpts. 2 and !>), the 02-uptake increased over the endogenous respira- 
tion (Expt. 1). In Expts. 5-7, the reactions took place in an atmosphere 
of nitrogen. 

When acetyl phosphate was added without a phosphate acceptor 
(l^xpts, 2 and 5), little or no ATP-P was formed. However, when 
achmylic acid was included in the reaction mixtiu‘e (Expts. 3 and 6), 
a considerable (jiiantity of ATP-P accumulated. Several experiments 
similar to the one reported in Table III have all indicated that the 
transfer of phosphate to adenylic acid is more rapid in air than in 
nitrogen. It is possible that air (presumably oxygen) merely aids in 
the phosphate transfer by pai-ticipating in the removal of the acetate, 
one of the products of the reaction. However, preliminary experiments 
involving the addition of acetate to the reaction mixture have indi- 
cated that acetate does not influence the transfer in any way. This 
finding makes the above explanation unlikely. We are giving consider- 
ation to the id(‘a that acetyl phosphate undergoes some reaction, 
for example, a condensation, prior to the transfer of the phosphate, 
and that this ri^action or a subsequent one is influenced by oxygen (1). 
If th(‘ transfer takes place by the mechanism shown in Reaction 3, 
it is diflicult. to sec' how the i)rcseuce of oxygen could influence the 
rea(*tion unless the actual activity of the transfer enzyme is affected. 

ClhCOO(POzlh) + adenylic acid 

CHaCOOH -f- adenosine diphosphate (3) 

Reaction 3 occurs readily under anaerobic conditions in preparations 
from E. colt (24) and from M. lijmieikticm (Expt. 2, Table III), but 
probably an additional reaction occurs aerobically, at least in the 
latter case. 
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Oxidation of Acetyl Phosphate by M. lysodeikticus 

An increase in Oj-uptake was obser-vcd when acetyl phosphate was 
added to the manometer flask (Table III). It seemed possible that 
such an increase in respiration might be an artifact. Therefore, parallel 
determinations of acetic acid and acetyl phosphate were made (Table 
IV). In this deteraiination, acetyl phosphate was hydrolyzed to 
acetic acid, so that both acetic acid and acetyl phosphate were included 

TABLE IV 


Dimppearanre of Acid Dwing Aceiyl Piiospitale Oxidation 


Expt. 

No. 

Additions 

Oi 111 ill. 


Valutas m /il. 01 Equivalents 


P<)4 

Coir<»- 

buondinK 

Endo^o- 

nous 

InoiR- 
P 1 

ATP- 

P 

POi-P 

] 

Volatile 

\eids 

Oi 

1 

None 

89 

161 



-UO 



2 

NaCl 

416 

226 



-110 


190 

a 

NaCl, AA 

607 

251 



-190 

m 

266 


Each flask contained 40 mg. lysed cells and 0.03 M phosphate buffer (pH 6.2) in 
a total volume of 2.0 ml. If indicated: 0.4 M NaCl, 0.005 M adenylic acid, 0.012 M 
Li acetyl phosphate. Volatile acids obtained from similar cups containing 10-fold 
volumes. Tlmo was 90 minutes. 

in the volatile acid fraction. In addition, determinations of the various 
phosphate fractions were included. 

The experiments were conducted in 125 ml. respirometor flasks 
containing a ton-fold volume of the various reactants. At tihe comple- 
tion of the roaction, motaphosphoric acid was added to the cups, and 
the contents were deproteinated by centrifugation. The centrifugate 
was steam distilled to twelve volumes and the volatile acids titrated. 
The values have been divided by ten and calculated in terras of 
microliters to place them on the same basis as the other determinations. 

An increase in Oruptakc occurred when acetyl phosphate was added 
(Table IV, experiments 2 and 3) and NaCl was present. The figures 
in the next column represent the endogenous respiration under com- 
parable conditions. In Expt. 1 of Table IV, the addition of acetyl 
phosphate caused a drop in the respiration to a level oven lower than 
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the endogenous. This offeet has been noted occasionally when acetate 
or acetyl phosphate was added in the absence of NaCl. Examination 
of the last column, “Volatile Acids,” shows clearly that this fraction, 
representing acetyl phosphate and acetic acid, decreased when NaCl 
was present. In the absence of adenylic acid (Expt. 2), the Oj-uptake 
increased 190 ^l- over the endogenous when acetyl phosphate was 
added, whereas at the same time 85 jul. of volatile acids disappeared. 
These values arc close to the theoretical amount of 2 ^1- of O 2 for 
each fil. of acetyl phosphate (or acetic acid) oxidized to completion. 
Addition of adenylic acid (Expt. 3) inci’cased the Os-uptake by 256 pl- 
over the endogenous, and the volatile acid fraction decreased bj' 
128 m1- 

Although this experiment definitely demonstrates a disappearance 
of acetyl phosphate or acetic acid during the oxidation, it gives no 
clue as to the mechanism of the oxidation. 


Mechanimn of Acetyl Phosphate Oxidation 

There aro at least three possible paths by which acetyl phosphate 
may be oxidized: (a) by dephosphorylation to acetic acid, followed by 
oxidation of the latter compound; (b) condensation of acetyl phosphate 
with oxalacotate to foim a tricarboxylic acid, as part of a cyclic 
oxidation process; and (c) conversion of acetyl phosphate to pyruvate 
by addition of CO 2 , followed by oxidation of pyruvate. A short dis- 
cussion of each of these possible routes follows. 

(a) Dophosphorylation to acetic acid may occur through ti-ansfer to 
adenylic acid (Reaction 3) or through simple hydrolysis to acetic acid 
and phosi)horic acid, either enzymatically or otherwise. Reaction 3 
luis alroa<ly l>een demonstrated in other bacterial preparations (14, 24), 
and hydrolysis to acetic and phosphoric acids occurs readily. However, 
certain exi)erimcntal observations described (Table V) make it doubt- 
ful whether this is the main route of acetyl phosphate oxidation. 

(b) Krebs (10) has pointed out that the experimental evidence 
bearing on the initial condensation reaction of the tricarboxylic acid 
cycle does not rule out acetyl phosphate as the possible active inter- 
mediate imdcrgoing condensation with oxalacotate. Likewise, acetate 
might first be converted to acetyl phosphate and then undergo the 
same i-caction, e.g., 
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CHjGOC^OOH 

W CH3COO(POjIl2) (0 

GHsCOOH / 

CHaCOOCPOaHz) + oxalacctate > 

phosphorylaicd tricarboxylic acid (.5) 

The tricarboxylic acid, e.g., a phosphorylatcd form of cis-aconitic acid, 
might undergo the usual cyclic changes with a loss of the phosphate 
gi-oup at some place in the process. The formation of acetyl phosphate 
has been repoi'ted in three bacterial preparations, but we harve been 
unable to detect any labile P fraction in i>yruvate oxidations with 
M. lysodeikticus. However, these experiments are jircliminary and 
negative evidence is of doubtful significance. The transfer of phosphate 
from ATP to acetic acid has been demonstrated by Lipmann (!.')). 
There is no experimental evidence to suggest that i-eaction 5 occurs. 

(c) A third possibility is illustrated by reactions 6 and 7 in which 
acetyl phosphate is first convei-ted to pyruvate and then oxidized: 

CHsCOOCPOaHa) + CO2 GHjCOCOOH + H,P 04 (6) 

oxalacetate 

CHsCOCOOH + 5/2O2 3CO2 + 2H2O ( 7 ) 

A reaction similar to 6 has been demonstrated for E. coli (17, 25), in 
which formic acid combines with acetyl phosphate to give pyruvic acid. 

Obviously, it will be extremely difficult to fix the exact path of 
acetyl phosphate oxidation since the reactions of acetyl phosphat.e and 
acetic acid are so closely inter-linked. However, some information is 
given by the experiments of Table V. As mentiioncd previously in 


TABLIC V 

liffeci of NaCl ('oweniralum m Oxid<tlia7i of Acriatv and An'tyl Phoxphalv 


Expi. 

No. 

Subsirai(‘ 

m 1. Oa in 75 MhuitoK 

NaOl Ooncontralion 

0 0.2^/ 0.(U/ 

1 

None 

335 

151 

2 

Acetyl Phosphate 

107 441 

304 

3 

Acetate 

106 331 

420 

4 

Hydrolyzed Acetyl Phosphate 

102 318 

454 

Each flask contained 40 mg. lysed colls, 0.03 M phosphate biifTcr 

(pH 6.2) in a 


total volume of 2.0 mL If indicated: 0.018 M Na acotato, 0.013 M acetyl phosplvato. 
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connection ^^ith the expeiimenls concerned with NaCl stimulation, 
the optimum NaCI concentration for stimulation varies with the 
substrate. Acetyl phosphate and acetate oxidation have widely varying 
optima. Experiment I, depicting the endogenous respiration, shows the 
greatest activity at 0.2 M NaCl. Addition of acetyl phosphate shows 
a similar effect and optimum but when NaCl is present the respiration 
is increased over the endogenous by addition of acetyl phosphate. 
On the other hand, acetate oxidation is affected quite differently by 
the addition of NaCl. At 0.2 Af, the respiration is little higher than 
the endogenous luit the respiration on acetate is about two and one- 
half times as largo as the endogenous when the NaCl reaches 0.6 M, 
At 0.2 M NaCl (according to 02-uptake) the acetyl phosphate appears 
to undergo oxidation ])ut not acetate. It is unlikely that acetyl phos- 
phate oxidation at this NaCl conceiitiation passes through acetate as 
an int 01 mediate if the latter is not undergoing oxidation. 

In Iilxpt. 4, acetyl phosphate was hydrolyzed to acetate and phos- 
phate before the start of the leaetion by treatment at an alkaline pH 
for two hours at room temperature. Addition of the products of 
hydrolysis gives a result similar to that of acetate itself. Thus, it 
seems probable that acetyl phosphate in its intact form is necessary 
to obtain the effect noted in Expt. 2. 

Because of the similarity of the endogenous and acetyl phosphate 
oxidations, it seemed possible that the acetyl phosphate was merely 
acting to increase the endogenous ros])iration, at least at a NaCl 
concentration of 0.2 jfl/. Acetyl phosphate might aid oxidation by 
acting as a source of phosphate energy for phosphorylation of the 
endogenous substrate, especially since, according to the E.Q. (Table 

TABLK VI 

PJffect of Adefmtne Triphosphate on Kndogi^ums liispuation and on Acetate Oxidation 


B^:pt. 

No. 

Hubstrato 

ATP 
Addition 
0.0075 M 

^l, Oj m 90 Minutes 
NaCU C\)ncenti alien 

0.0 0.2 M 0.6 AI 

1 

None 

— 

95 

355 

193 

2 

None 

+ 

121 

308 

180 

3 

Acetate 

— 

116 

418 

463 

4 

Acetate 

+ 

135 

430 

480 

5 

Li acetyl Phosphate 

- 

105 

520 

318 


Kaeh flask contained 40 mg. lysed coUs and 0.03 M phosphate buffoi (pH 0.2). 
If indicated: 0.018 M Na acetate, 0.013 M Li acetyl phosphate, 0.0075 At ATP. 
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II), this subwtanco appears to be carbohydrate in natiu*o. In the ca- 
pacity of a phosphate donor ATP should serve as well as acetyl 
phosphate in stimulating the endogenous respiration. However, ATP 
(Table VI) has little effect on either the endogenous oxidation or that 
of acetate at any concentration of NaCl involved in the previous table. 
Therefore, it is improbable that acetyl phosphate is merely accelerating 
the endogenous respiration, Lehninger (13) has reported that ATP 
has no effect on acetate oxidation by liver preparations although the 
oxidation of higher fatty acids is markedly stimulated. 

Discussion 

The oxidation of carbohydrate via a tricarboxylic acid cycle is well 
established in animal tissue but its status in bacterial metabolism is 
uncertain. The oxidation of pyruvic acid and the four-carbon di- 
carboxylic acids, and the presence of fumarase have been reported. 
However, there have been no reports of siutcessful isolation of a-keto- 
glutaric acid and citric acids during the oxidation of pyruvate or other 
crucial experiments to establish the existence of the cycle. Citric acid 
is dissimilated anaerobically by a few species of bacteria (3, 22), but 
the relationship of this process to the aerobic metabolism of citric 
acids is not understood. 

Despite the lack of evidence linking bacterial oxidation with the 
tricarboxylic acid cycle, the recent work of Lynen (18, 19) and Virtanen 
and Siindman (26) showing a similar cycle in yeast may be cited as a 
precaution against a premature conclusion that the cycle does not 
function in bacterial oxidations. Lysed preparations of M, lywcleikticust 
when fortified with NaCl, rapidly oxidize acetate, acetyl phosphate 
and pyruvate and, at the same time, cell-free preparations are ainenabh' 
to the usual techniques employed in intermediary metabolism studic^s. 
This preparation should prove useful in extending knowk'dge of the 
tricarboxylic acid cycle to bacteria. 

The studies involving a condensation of acetoaoctic a(tid with 
oxalacetic acid in animal tissue to give citric acid or «-kctogiutaric 
acid (4, 27), may have a connection with acetyl phosphate metabolism. 
Although acetyl phosphate has not been detected as yet in animal 
tissue, it is possible that acetoacetic acid may arise through a con- 
densation involving acetyl phosphate. Actually there is no eviden(‘(* 
to eliminate the possibility that acetyl phosphate is the actual inter- 
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mediate in the condensation and that acetoacctic acid is merely 
sendng as a ready source of acetyl phosphate. 

Summary 

1. Addition of NaCl to lysed preparations of Micrococcus lyso- 
deikticus greatly increases respiration on several substrates and permits 
oxidation of substances which are otherwise not utilized by lysed cells. 

2. Lysed cells in the presence of NaCl are able to metabolize acetyl 
phosphate. Phosphate is transferred from acetyl phosphate to adenylic 
acid and there is an increased rate of 02-uptake and an accompanying 
decrease in volatile acid. 

3. Comparison of the range of NaCl concentrations at which acetate 
and acetyl phosphate oxidation are stimulated suggests an oxidation 
path for acetyl phosphate which does not involve acetate as an inter- 
mediate. A discussion of the possible routes for the oxidation of acetyl 
phosphaie is presented. 
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Book Reviews 

Vitamins and Hormones, V<)lum<‘ III. lOditod l)y: Robert S. Harris, Ashociato 
Professor di Nutritional Biooheniihtry, Massarliuhetts Institulc of Technology, and 
Kenneth V. Thimann, Associate Professor of Plan! Physiology, Harvard University. 
Academic Press, Inc., New York, N. Y., 1045, xv + 420 pp. Price $6.50. 

The contents of this valuable volume may be summaiizcd as follows: T. The 
Interrelation of Vitamins (discussed with respect to animal nutrition), Thomas 
Moore, 18 pages, 122 refs. II. The Synthesis of B Vitamins by Intestinal Bacteria, 
V. A. Najjai' and R. Barrett, 20 pages, 155 refs. III. Sulfonamides and Vitamin 
Deficiencies, F. S. Daft and W. H. Sei)rell, 20 pages, 105 refs. IV. Manifestations of 
Prenatal Nutritional Deficiency, ,1. Waikany, 22 pages, 163 refs. V. Growth Factors 
in Microbiology, B. C. J. G, Knight, 108 pages, >456 refs. VI. Possibilities in the 
Realm of Synthetic Estrogens, E. C. Dodds, 6 pages, 13 refs. VII. Chemistry of 
Anti-Pernicious Anemia Substances of Liver, Y. SubbaRow, A. B. Hastings and 
M. lOlkin, 55 pages, 129 refs. VTI. Mechanism of Action and Metabolism of Gonado- 
tropic Hormones in the Organism, B. Zondek and F. Sulman, 33 pages, 168 refs. 
IX. The Role of Acetylcholine in the Mechanism of Nciwe Activity, D. Nachman- 
sohn, 37 pages, 131 r(‘f.s. -12 pages of indexes. 

Biochemists in geri(*ral are deeply indebted to the anthoi*s, editoi's and piiblishci's 
for their labor in the production of such volumes as this one in which we find sum- 
maries of various phases of biochemical investigation. While objectivity, perspective 
and critical (‘valuation is not maintained in each chapter with the same degi'cc of 
excellence, every contribution is valuable. The chapter dealing with synthetic 
estrogens (of the stilbestrol type) by Dodds is the most restricted as to scope and 
the references are to work done in the author^s laboratory. His frank appraisal 
that “From the strictly chemical point of view, literally the resemblance (between 
stilbestrol and nat,ural eslrog<*ns) is non-existent “ and liis reflections upon this fact 
are valuable. 

The most (‘xtx'nsive and at the same time a highly coherent review is that of B. 
(a J. G. Knight, wh()S(‘ early discovery of nicotinic acid as a growth substance 
paved the way for much of tlie biter work in this field. It is significant of tllo trc'- 
mendous advance in this field that this bmgthy review is c(‘ntcred around 13 definitely 
charact(‘rize<l clu'iuical subslanci's or groups of substances, and leaves out, of con- 
sid(‘raiion all “factors” of unknown natiir<‘. Even folic acid the synthesis of which 
has in Ihe meanlime h(*en announced, is not among the growth substanc(‘S considered. 
A f<‘W yeai*M ago a r(‘view(‘r on th(‘ same subject would have b(‘(‘n concerned almost, 
(‘X<‘lusiv<‘ly with unknown fact()i*s, and definite clumiical substances would have 
played a minor role in any dis<‘ussion. Though the author apologizes for not having 
ac(‘ehs to all the literature due (o wiu* conditions, ho is (o be complemented upon 
the c()mprehcnsivent‘8S and relative completeness of his treatment. In one instance 
the arrival of additional lit oral u;*e from du Vigneaud's Laboratory caused him to 
inw'rt lat(‘r in proof, pages 228a, b, as a footnote to p. 168. His review deals with 
a very active field. 

CJloscly r(‘laic(l to Knight's review are those of Najjar and Barrett and Daft 
and Bobrcll. The thn'c taken together give a large amount of valuable material 
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dealing with vitaininR as they arc rcUitcd to microorganisms and lo animals which 
harbor microorganisms in their intestinal tracts. The two other reviews which deal 
primarily with vitamins (I and IV) are important in that each has drawn together 
in one place in a highly satisfactory manner material which is of gr<»at importance 
to every serious student of nutrition. 

The discussion of the anti-pernicious anemia substances in liver centers larg<*ly 
arouml the work of four different groups of workers in their attempts lo determiiK' 
the chemical nature of the active principle or principles. The authors warn tlu' 
ivaders, * ‘Unfortunately, within a short time, save for its historical interest, this 
review may be without scientific value.” From the standpoint of t^he review, this 
would bo unfortunate, but from the standpoint of medical advance, it would be 
most fortunate indeed. This very difficult subject, the study of which has been 
continuously hampered by the lack of tests other than those involving affiicted 
individuals, cannot as yet be reviewed in a satisfactory manner because of the 
numerous contradictions and discrepancies. The whole subject of intrinsic and 
extrinsic factors (Castle) is loft out of this review and even in the restricted field 
covered the unexplained discrepancies are many. The probable existence of multiple 
‘ factors (as well as possibly multiple forms of the disease) is undoubtedly an imjwrtant, 
factor. The authors are to be complemented on their summary of a subjecl which 
is full of perplexities. 

The discussion of the action of gonadotropic hormones by Zondek and Sul man 
covers a rathor lai-ge amount of older litorat,ure and relatively little that, is very 
recent. The authors bring out clearly how different species of animals differ widely 
in their response to gonadotropic hormones. Unfortunately advance in this field 
has not been such that definite chemical substances can enter extensively into the 
discussions, and often investigators must depend on biological responses to materials 
which are unknown chemically. 

The last review in the group has to do with a I'estrictod field in which most bio- 
chemists are not well-vorsed. The author has developed his point of view with I'ospoct 
to the role of acetylcholine: It is . . released at the neuronal surface when a stimu- 
lus roaches thc‘ nerve coll By the action of acetylcholine the permeability of th(» mem- 
brane to ions is ineroasc'd and hence a depolarization occurs, . . . The transmitting 
agent is the flow of current but. t.hc current is gtmerated by tho release of ac(*t.yl- 
choline.” No one iutt'resiiKl in neurohiimors and nerve physiology should overlook 
this contribution, since it presemts a definite point of view in the light of r(‘cent 
(‘onlributtions. 

IloGKR J. Williams, Austin, Texjis 

Die Methoden der Ferxnentforschung. hklited by Fugion Bamann, TiU>ing<m, and 
Kabl MyrbAck, Stockholm. 4 volumes, 33^ pages with 802 illustrations. (Photo 
offset reproduction.) $65.00. Academic Press, Inc., Publishers, Now York, N. Y., 
1045. 

To the standard works of chemical world-liicraturc another has been added. 
This has been accomplished by the above editors. Together with 131 competent 
specialists they have, in 204 single contributions, summarized most of our knowledge 
concerning the enzymes and the methods for their isolation, determination and 
manipulation. 

The methods discussed embrace the fields of inorganic, organic and physical 
chemistry. They arc subject to research by chcmisti'y biologists, botanists, zoologists 
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and medical scientists. They will bo applied in tlie hospital laboratory and the 
pharmaceutical industry as well as in the laboratories of agricultural research stations 
and various industrial plants. 

The general arrangement of this work is as follows: 

Introduction: Nature and effects of enzymes — General consideration of methods in 
experimental enzymology— Nomenclature and s.\'stems of enzymes 

Section I: General: 

A. The substrates 

I. Preparation, properties and investigation of important intermediary 
and final products 

TI. Now methods of investigation in substrate reseaieh 

B. The enzymes 

I. Control of catalysis 
TI. Preparation and analysis of enzymes 

III. Isolation and characterization of lyo- and desmo-enzymes 

IV. General procedure for the concentration and separation of enzymes 

V. Determination of certain general properties of enzymes 

VI, Appendix 

Section II. Th(X)retical part: 

A. Hydrolasis 

B. Desmolases and biological oxidation and reduction enzymes 

C. Assimilation 

D. Anti-enzymes 

E. Enzyme models 

Section III. Practical part: 

A, lOnzymea in industry with special coiLsideration of methods preferred in- 
dustrially 

B. Enzymes in medicine 

The contents of this opus are more comprehensive tlian its title first suggests. 
In addition to what the title indi(*ates, the work contains most of what should be 
known of enzyme substrate's, thus serving, at the same time, as a useful textbook 
for the chemistry of substratos. The accuracy and completeness of this work are 
such that it becomes quile unnecessary to refer to most of the originals. The text, 
may serve as a substitute for a whole library and is therefore indispensable. The 
subject has btMsn treated thoroughly and completely up to 1940. The bibliography 
enumeratc'H 7908 titles of i^ublications covered, the names of their authors and 
references to their places of publication with duo accuracy. It is a complete survey 
of the literature relative to tho matter. An outstanding work has been achicveii 
by Bamann and Myrbiick and their collaborators who, in addition to those from 
Germany and Austria, are from the U.S.A., Great Britain, Franco, Sweden, Denmark, 
Holland, Switzerland, Finland, Gzochoslovakia, Japan, Italy, and Poland. Con- 
sidering this opus one is reminded of a statement of Pasteur's: “Scientists have a 
fatherland, but. science itself is international.” Because of this spirit, despite tho 
war, this work wjis completed in the course of the years 1940 and 1941. And tlianks 
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to tbui team-work, it liafi remained iiutouchcd by the spirit of ouc-sideduess which 
pi^vailed in Germany <luring those years. The reproduction made by permission 
of the Alien Property C'ustodian, is excellent. 

Carl Neubbro, New York, N. Y. 


Manual of the Aspergilli. By Charles Thom and Kenneth B. Raper, The 
Williams and Wilkins Company, Baltimore, Aid., 1945. ix and 373 pp. 76 illustrations, 
7 color plates. Price $7.00. 

The discovery of Penicillin has brought about an increased interest in molds and 
demands for broad information to be utilized for wider research as to their possibili- 
ties. Aspergillus as the name for a genus of molds dates back to 1729 but it was not 
until the middle of the 19th century that the Aspergilli were recognized as agtuits in 
many degiadations and in a number of industrial fermentations. 

The present book is not a monograph and is based upon a compai’aiive stutly of 
thousands of strains of Aspergilli. It attempts to servo two purposes: (1) to provide 
the student with means for their identification and to open to him the literature of 
the group, anti (2) to guide the user of the literature in the interpretation of names. 
The scope of the work can be seen from the following list of the 25 chapters: 


Part I. General Discussion 
Historical Introduction 
Classification, Generic Diagnosis 
and Synonymy 
Morphology and Description 
Cultivation and Examination 
Preservation of Cultures 
Variation 

Part II. The Manual Proper 
The Hse of the Manual 
The Aspergillus clavatus Group 
The Aspei’gillus glaucus Group 
The Aspergillus fumigatus Group 
The Aspergillus nidulans Group 
The Aspergillus ustus Group 


The A&pc'i'gillus flavipes Group 
The Aspcrgil. versicolor Group 
The Aspergillus terreus Group 

The Asp. candidus Group 
The Asp. niger Group 
The Asp. Wentii Group 
The Asp. tamarii Group 
The Asp. flavus-oryzae Group 
The Asp. ochraevus Group 

Part III. Reference Material 
Topical Bibliography 
General Bibliography 
Check List of tf^peeies and Genera 
Accepted Spech^s, Varieties, and Mutatu)ns 


Thom and Raper brought all the known taxonomic and soim* of the biocli(‘mi(*al 
material together in an admirable manner. The use of the manual is greatly aided by 
the inclusion of two types of excellent bibliographies: a general bibliography alpha- 
betical as to author’s names and sub-indexed as to dale of publication. In addition 
a chronologically organized topical bibliography is presented. 

The omission of two important contributions of recent years was, howcwor, noticed. 
One by H. Tamiya (Advances in Enzymology 2 (1942)), and the other by T. Mann 
(Biochom. J. 38 (1944)). This is especially regrettable in the latter case, sinco this 
author pulled no punches and did not hesitate to emphasize that the phosphorus 
metabolism of A. niger differs substantially from processes ascribed to yeast and to 
tissues. 

The volume constitutes a unique reference and laboratory aid, is well produced and 
is generously illustrated. 


F. P. Nori), New York N. Y. 



The Breakdown of Citric Acid in Different Tissues 

F. L. Breusch and R. Tulus 

Fnm Ike II. IniJilute of Chemi^ry, University of Istanbul, Tutkey 
Received, Januaiy 14, 1946 

Introduction 

In comiuirative invcHligulioiis on extensive material, Bieuseh (1) 
could show that two groups of tissues exist in wai’m-blooded animals. 

One kind is able to reduce oxaloacetic acid to Z-malic acid. Theii’ 
respiration is sensitive even to physiological concentrations of Ca++ 
ions. This group includes liver, kidney, muscle, pancreas and, to some 
extent, brain (probably only grey matter). 

The other kind is unable to reduce oxaloacetic acid. Their respira- 
tion is insensitive to Ca+'' ions. This group includes tissues of lung, 
spleen, parotid, placenta, nerve, embryonic muscle and, probably, 
tumor tissue. 

Euler, Adler and Plass (2) and Adler (3) found that the breakdown 
of citric acid takes place only by means of coenzyme II. Krebs (4) and 
Breusch (1) found that in this reaction the hydrogen of the citric acid 
(as compared ivith isocitric acid) can pass to oxaloacetic acid and is 
thus reduced to Z-malic acid. 

From this, one can suppose that citric acid can only be metabolized 
in tissues of the firat group but not in tissues of the second group. 

In this study evidence is presented that only the organs of the first 
group are actually able to metabolize citric acid, while tissues of the 
second group arc unable to do so to a measurable degree. That Mdney 
and liver can metabolize citric acid has already been shown by 
M3rtensson (5) and by Wieland and Jennor (6). 

Experimbntal 

The investigations were carried out with tissues of pigeons, cats, 
and guinea-pigs. The animals were killed by a blow on the head and 
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llic organs immediately removed and minced in a Latapii' mincer. In 
eacli experiment 5 g. of tissue pulp was suspended in 20 ml. Ringer 
phosphate solution (7; page 111). The solution contained 10 mg. of 
neutralized citric acid and 2 mg. of oi'-aconitic acid anhydride dis- 
solved and neutralized 2 minutes before the lieginning of the experi- 
ment. Pure citric acid cannot bo used, as 20% of it disa])pcars by the 
action of the enzyme aconitasc, which produces an equilibrium of 
isocitric acid (16%) m-aconitic acid (4%) citric acid (80%). 
The correctness of this supposition is shown by anaerobic control ex- 
periments with minced lung. In a mixture of the above mentioned com- 
position containing much aconitasc, the amount of analyzablc citric 
acid remained stable for an hour. 

The mixture was sliakcn aerobically in 260 ml. Erlenmeyor flasks 
in a water thermostat at 38®C. Shaking took place twice per second 
Avith an amplitude of 10 cm. At the beginning of the experiment, after 
15, 30 and 45 minutes, 5 ml. of the mixture were pipetted into 5 ml. 
of 20% trichloroacetic acid. Citric acid was determined colorimetrically 
according to Pucher, Sherman and Vickery (8). Without the addition 
of citric acid none of the tissues presented any measurable positive 
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reaction. With organb of the first group, citric acid disappeared, but 
not with the organs of the second group. In order to obtain still more 
convincing results, the experiments with lung, spleen and placenta 
were repeated with 15 g. of tissue, adding only 6 mg. of the acid mix- 
ture, the sensitivity of the test thus being increased 6-fold. The re- 
sults were the same. All values given are averages of several repetitions. 

The data are calculated for 100 g. of wet tissue per hour on the basis 
of the quantities metabolized in the first 15 minutes. In the last column 
the capacities of the different organs for reducing oxaloacetic acid are 
given, partly according to (1), partly using unpublished data. 

Summary 

The cajiacity of different tissues of warm blooded animals (cat, 
pigeon, giiinoa pig), for metabolizing citric acid, has been investigated. 

One group of organs, liver, kidney, muscle, pancreas and, in small 
amounts, brain, is able to metabolize citric acid. 

A second group, lung, spleen, parotid, placenta, nerve and embry- 
onic muscle, is unable to metabolize citric acid. 

In all tissues investigated, the capacity for metabolizing citric acid 
is nearly parallel to the capacity for reducing oxaloacetic acid to I- 
malic acid, and also parallel with the inhibition of the respiration of 
different organs by small concentrations of Ca++‘ ions, shown previously. 

Repbrkncbs 

1. Breusch, F. L., Enzymologia 10, 166 (1942). 

2. V. Euler, IT., Aulbr, E., and Pl\rs, M., Arkiv, Kemif Mineral, Geol.f 13B, 

No. 4, 1 (1938). 

3. AdiJ'IB, E., Nord, Kje?mkerftifire 5, 247 (1939). 

4. Krebs, IT. A., liiochem, J. 34, 775 (1940). 

5. Martenhson, T., Ekand, Arcfi, Physid, 83, 113, (1939). 

6. WieijANO, 11., AND Jbnner, (J., Ayin . 648, 255 (1941). 

7. Szent-Gyorgyi, A., and Banca, J., Z, physiol Chem. 246, 113 (1937). 

8. PncuKR. (r., Sherman, 0,, and Vickery, IT, B., J, Biol Chetn, 113, 235 (1936). 




The Preparation and Properties of an Amylase 
Inhibitor of Wheat * 

Walter Militzer, Carol Ikeda and Eric E[neen 

From the Avern Ijaborakirij of Chemistry, University of Nebraska, Lincoln 
EeceiwHl December 12, 1945 

Introduction 

In communications preceding this one, Kncen and Sandstedt (1) 
reported the presence of an inhibitor of amylase action in wheat and 
rye which had the ability to retard the dextrinization and saccharifica- 
tion of starch by salivary, pancreatic and certain bacterial amylases. 
Takadiastasc and malt amylase were not affected. It appeared that 
the inhibitor was a protein. 

The present study greatly amplifies the original obseivation and 
provides detailed information concerning the purification of the in- 
hibitor. The purified inhibitor, in conformity with earlier views, shows 
all the characteristics of a simple protein of medium molecular weight. 

The wheat inhibitor bears a resemblance to other inhibitors of amy- 
liise action but is not identical with them. The inhibitor of Chrzaszcz 
and Janicki (2) from buckwheat is a water-insoluble protein whose 
action appi'ars to be duo to ad8oi*ption. The wheat inhibitor is water- 
soluble. It can be precipitated with alcohol. Bowman (3) extracted a 
pancreatic amylase inhibitor from soybeans with other. Its action is 
quite likely the result of mechanical coating of the starch so that 
amylase cannot approach the molecule. Weidenhagen (4) made refer- 
ence to amylase inhibitoi's while working with the activator amylo- 
kinase, wliich Waldschraidt-Loitz and Purr (5) had described earlier; 
but Weidenhagen offered no evidence concerning the identity of the 
inhibitors. It is possible that the inhibitor from wheat was encountered 
by him. 

'■ Wo wish to express our appredalion to the Chomuigy Project, University of 
Nebraska, for financial support of this work. 
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Experimental 

Preparation and Purification oj the Inhibitor 

Two kg. of milled wheat flour were divided iulo 4 portions and the i>oi'lions worked 
into doughballs, employing about 300 ml. of water for each. 

Two doughballs were kneaded successively in a liter of water. The sticky remains 
were transfen*ed to another liter of water, kneaded therein, then* tjansferrod to 
liter where they were rinsed. The remaining 2 doughballs were kneaded in the same 
water except that the first liter, which was too thick, was replaced by a fresh portion. 
The rubbery remains of the doughballs, after rinsing, were discarded. 

The various volumes of water emplojTd in the extraction were combined and 
centrifuged to remove suspended solids. The somewliat opalescent centrifugate 
was placed in visking sausage casings and porvaporated by means of a fan to 150- 
200 ml. The solution wjis then transferred to a beaker and brought to 70°C. and hold 
at that temperature for 5 minutes. During this time the lumps wore broken up. 
After the solution had cooled, absolute alcohol was added until a concentration of 
70% was reached. The precipitate which separated was removed by centrifugation 
and discarded. Absolute alcohol was then added until the concentration reached 
90%. The precipitate and supernatant liquor were allowed to stand for 2 hours, 
after which the liquor was decanted. This final precipitate, which contained the 
inhibitor, was washed 3 times with absolute alcohol and dried in a vacuum desic- 
cator. The yield was 9 to 10 g. of a white powdery material. This preparation is 
referred to in this publication as cmde inhibitor. 

Fractional precipitation of the crude inhibitor was carried out as follows. Five g. 
of crude inhibitor were worked with 10 ml. of water until solution no longer occurred. 
The mixture was centrifuged, yielding an insoluble gum and a solution of inhibitor. 
The gum was washed with 5 ml. of distilled water and then discarded. The wash 
liquid and the solution of the inhibitor were combined and absolute alcohol added 
until the concentration reached 50%. The precipitate obtained was discarded after 
centrifuging. The alcohol conceiiti’ation was now increased to 60% and 70%, re- 
spectively. At each of these concentrations a procipitaUi was obtained winch was 
removed by centrifugation, washed twice with absoluU) alcohol, and dried. The 
precipitate from 70% alcohol was the more potent* of the t*wo (about 3 times) and 
weighed 1.6 g. It is referred to herein as “fractionated inhibitor.' ' 

For adsorption, 250 mg. of fractionated inhibitor were dissolved in 13 ml. of pH 
5.5 phosphate buffer (0.05 M in phosphate). To this solution wore added 7.5 tuI. of 
aluminum hydroxide (25 mg, aluminum oxide per ml., pH 5.0). The mixture wtis 
allowed to stand at room temperature for 15 minutes and then centrifuged. Th(‘ 
supernatant liquid was discarded. The adsorption product was washed twic(‘ with 
10 ml. portions of distilled water. Elution was carried out with 7.5 ml. of pll 7.5 
phosphate buffer (0.06 M in phosphate). The final pll was 7. The mixture was 
allowed to stand for 15 minutes, then centrifuged. The precipitate was washed 3 times 
with 5 ml. portions of water. The oluato, plus washings, was dialyzed for 7 days 
against tap water, as dialysis against distilled water caused destruction of the in- 
hibitor. CJoncentration in a vacuum dedccator yielded 50 mg. of a grey powder. 
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MmsuremetU of Inhihilor 

An aliciuot of iin inhibitor solution to bo tostod was added to 20 ml. of a 2% starch 
solution (Mt'i’ck's ^'according to Lintnor” starch) wliich was buffered to a pll of 6.6 
by riMMins of 0.005 M phosphatt*, made 0.03 M in sodium chloride, and th(' whole 
diluted to 25 ml. Five ml. of salivary amylase wore added while I’otating the flask 
and the time noted. From time to time 1 ml. of the mixture was r(‘moved from the 
flask and added to 5 ml. portions of iodine solution in a small centrifuge tube. The 
colors obtained were compared with the standard end point according to Sandstedt, 
Kneen and Blish (6). The time at the proper end point was noted. Usually the con- 
centration of inliibitor was regulated so that a doxtrinization time of 30 to 40 minutes 
was obtained at a temperature of 30°C. 

The salivary amylase solution was obtained by diluting human saliva which had 
bcH3n allowed to age for two days in the refrigerator and then centrifuged. Just prior 
to use aliquots weni diluted so that a doxtrinization time of 10 to 14 minutes was 
objai7«‘<l in th(* a))s<‘nce of inhibitor. 

Irtactivation by Nitrous Acid 

Sixty mg. of fractionated inhibibjr preparation were dissolved in 20 ml. of an 
acetate buffer, pll 4.0. The solution was then divided into two 10 ml. portions. To 
the first was added 10 ml. of 2 JV sodium nitrite solution (previously cooled to 0®C.), 
to the second, 10 ml. of water as a control. The flasks were kept at 0°C. for 30 minutes 
after which they were warmed txj 22®C. (Sometimes controls were allowed to stand 
for 24 horn’s.) The pH of each solution was then brought to 6.6 by the addition of 1 
N sodium hydroxide. The volume was brought to 30 ml., and 5 ml. aliquots were 
withdrawn from each flask and added to ^ ml. portions of 2% starch solution. 
Saliva was added to each solution and doxtrinization times determined. 

Digestion by Ficin 

A clarified solution of ficin containing 10 mg. of solid per ml. was adjusted to a 
pH of 5 with a phosphate buffer. To 10 ml. of ficin solution were added 10 mg. of 
fractionated inliibitor. The solution was allowed to stainl for 24 hours in a refrigerator. 
Little precipitate settled during this Ume. The pll was then adjust<jd to 6.6, 6 ml. of 
the solution were added to the 20 ml. of 2% starch solution, and the de.xtrinization 
time determined afUT the addition of saliva. 

Kesoltb 

Preparatioth and Purification 

Tho method of preparation used by Kneen and Randstodt (1) con- 
sisted in an extraction with a large volume of water, concentration to 
small volume and precipitation of the inhibitor in 90% alcohol. This 
resulted in a preparation containing considerable foreign protein. 

For the purification of the crude preparation from alcohol pre- 
cipitation the following conditions were selected. The inhibitor was 
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TABLE 1 

Itio'case in Concentration of Inhibitor thiongh Cunjicnhon 


IM'paialion 

Flour 

Crude inhibitor 
Fractionated inhibitor 
Eluh'd inhibitor 


Mg. solid to give 30 
min. dextrinization 

150 

2.6 

1.3 

.2 


Rolativ(* inercaho m 
eoricent ration of in- 
hibitor effect c*d 

58-fold 

116-foId 

750-fold 


ads()i*l)C(l fi‘om water solution on aluminum hydroxide and eluted with 
a phosphate buffer. Adsorption was carried out at a pll of 5.0 and the 
elution at a pH of 7.0. At pll values below 6 the inhilnior (‘ould be 
completely adsorbcti by aluminum hydroxide; ivhcrciis a)>()ve 7.0 no 
adsorption was possible. 

The eluatc from the phosphate buffer treatment was th('n dialyzed 
against tap water until the test for phosphate was no greai.er than for 
fresh tap w’ater. 

All attempts to crystallize the inhibitor from the dialyzed solution 
failed, and for further work we Averc forced to use the amoiphous 
poAvder obtained by removing the solvent in a vacuum desiccator. 
In much of the work the solution obtained from the elution Avas em- 
ployed directly. 


3 



DEXTRINIZATION TIME (MIN) 

Fia. 1 

Inhibiting Powora of Various Inhibitor Pn^paralions 
“Eluted^* inhibitor (Curve A), “fra<‘tionat(Hr* inhibitor (Curv(‘ B), 
“crude” inhibitor (Curve C), and flour (Curve' D) 
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The amorphoub ])rodu(*t finally obtainocl aftor adsorption and elu- 
tion represented a 75()-fold eoncentralion of the inhibitor from its 
original concentration in wheat flour. Table I represents values ob- 
tained from various fractions of wheat flour subjected to successive 
stages of purification. The loss of material in each step prohibited con- 
tinuance of the elution and adsorption beyond the point of a 760- 
fold concentration. 

For comparison of the potency of various preparations of the in- 
hibitor the following method was employed. The quantity of solid 
preparation was determined which would l^e required to retard an 
initial dextrinization time of 12-13 minutes to a dextrinization time of 
30 minutes. This was best accomplished by getting the inhibitor-dex- 
trinization cuives such as shown in Fig. 1 and interpolating at 30 
minutes for the appropriate quantity. 

Chemical Nature of the Inhibitor 

The inhibitor preparation of highest potency without question con- 
tained protein material, so that routine tests employed, although posi- 

TABLE II 

Inaclmiimi of Inhibitor hy Nitrous And at 0°C,, pH iJI 




Dextrinization lime 

Reaction 

Time of reaction 

min. 

Inhibitor pluH nitroub acid 

30 min. 

10.5 

Inhibitor, no nitrous acid 

24 hi-s. 

30 

Nitrouh acid, no inhibitor 

30 min. 

10 


tiv(', indicated little I’cgardiug its (diemical nature. The inhibitor was 
t/hrown out of solution by the addition of such precipitants iis lead ion » 
incric acid and tannic acid; but, as the inhibitor is adsorbed readily; 
l)r(M!ii)itation did not demonstrate a protein nature, since adsoiption 
could readily take place on metal ])rotein complexes. The inhibitor; 
liowever, ^vill not dialyze through a cellophane membrane, even on 
long standing, and therefore it must possess a high molecular weight 
in lino with protein molecules. 

The inhibitor was inactivated completely by nitrous acid under mild 
conditions of pll and temperature Avhich, of themselves, had no effect . 
Nitrous acid is a standard reagent for the removal of amino gi-oups 
from protein molecules and has been employed repeatedly for that 
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specific* purpose. In Table 11 the i-esults of nitrous acid treatment ac- 
cording to the method of Little and Caldwell (7) are summarized. 

Groups other than primary amino groups are not affected by nitrous 
acid during the 30 minute treatment, although the possibility of re- 
action with the indole ring cannot be ruled out entirely (8). In an 
effort to relate inactivation to the free amino groups we attempted a 
determination of the nitrogen evolved with nitrous acid but found 
that the quantity was not measurable. Such a small amount of nitrogen 
could only be obtained from a compound similar to a protein in which 
the ratio of amino groups to molecular weight is very low. 

Finally, the activit-y of the inhibitor was destroyed by the action of 
proteolytic enzymes. Papain was unable to cause inactivation in 14 

TABLE III 

J nadivation of InbbUot bif Fidn at (FC,, pH 

Doxtrinization time* 


Reaction min. 

Dig(sstcd iulxibitor b 

Undigested inhibitor (aged 24 hrs. at pi I 5; 120 

Control — no inhibitor 5 

Control — inhibitor 120 


* To all of these solutions ficin was added during measurement of dextrinizations . 

days, but ficin destroyed the inhibitor. Complications duo to the pres- 
ence of panc]-catic amylase in trypsin preparations militated against 
its use, and ficin solely was employed in the studies reported herein 
as of Table III. 

Each of the foregoing pt)ints by itself does not prove that the in- 
hibitor is a protein, but when taken together little doubt is left that* 
such is the case. Further eviden<*o is obtained from the studies on h(»at 
inactivation. 

Stability Toward Dialysis 

During purification of the inlubitor by dialysis, subs(‘quent to elution from alumina 
with phosphate, it was observed that the solution lost its aciUvity when dialyzed 
against distilled water. In many cases the activity was completely lost in 4-5 days. 
If, however, tap water were used in place of distilled, no such inactivation resulted 
and the solution could be dialyzed free of phosphate without injury. It then develoiH*d 
that, in place of tap water, solutions of sodium chloride or of disodium phosphate 
could be employed as dialysis media. The data of Table IV illustrate these results. 

The loss in activity upon dialysis against distilled water was not due to a chang(j 
in pH during the process, since the change was never very great,. The inactivation 
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TABLE IV 

Diali/sis of / nhibiior Preparation (0,075 mg.lml,) Purified by Adsorptio7i 

Dextrinimtion timo 


Treatment'* 

min. 

Control (no inhibitor) 

12.0 

Undialyzed eluted inhibitor 

23.0 

Dialyzed against tap water 

23.0 

Dialyzed against 0.005 M sodium chloride 

23.0 

Dialyzed against 0.005 M phosphate buffer 
(pH 6.5) 

22.5 

Dialyzed against distilled water 

14.0 


*• Duration of dialysis — 12 days. 

related to the removal of some dialyzablo molecule, presumably inorganic. This is 
substantiated by the results on dialysis of inhibitor preparations which had not 
undergone purification by adsorption and elution. Preparations prepared by pre- 
cipitation with alcohol were not inactivated by dialysis, since they contained suffi- 
cient impurities to prevent exhaustion of the protecting element. 

The chemical nature of the substance necessary for the stability of the purified 
inhibitor was not determined. 


Stability Toward HeoJt and pH 

When compared with other proteins the inhibitor was quite re- 
sistant to inactivation by heat but, on prolonged treatment, it was 
destroyed. Naturally, heat destruction was dependent on pH. At a 
pH of 6.3 and a temperature of 97-98^0. the inactivation proceeded 
as shown in Table V. 

The curve of inactivation roughly follows a straight line. 


TABLE V 

Inadivaiim of Inhibitor at pH 5,3 


Duration of heating 
min. 

Control (no inhibitor) 
0 
5 
10 
20 
30 
45 
60 


Dextrinization time 
min. 

15 

300 

275 

255 

215 

135 

90 

30 


Inhibitor concentration at start — 1.0 mg./ml. 
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In more acid solutions and at tompcralures below 97®C. the in- 
hibitor is quite stable. Thus, at G5®C. several lioui-s were re(|uired to 
complete the inactivation at a pH of 5.3. Heat denaturation was ac- 
celerated by increase in alkalinity, so that at a pll of 9.0 and a tem- 
perature of 95®C. inactivation was complete in about 10 minutes. 
,Data covering various pHs and temperatures are given in Table VI. 

TABLE VI 

Jnadivation of Fractionated Inhibitor at Various pHs and Temperatures 


0 0 

31.0 

27.5 

2M) 


20.0 

13.0 

13.0 

23.5 

18.5 

14.0 

13.5 

13.5 

18.5 

11.0 

12.5 

12.5 

12.5 

Figure's under plls are dcxtrinizatioii tiniob in niinutob. 

A few of the more illustrative points of this table are as follows. 
At 65®C. no inactivation of the inhibitor occurred in one hour below a 
pH of 8.5 — a remarkable stability compared to other proteins. At 
75®C. and at a pH of 9.0 the inhibitor was completely inactivated in 
60 minutes. At 95®C. and a pH of 7.0 the inactivation also occurred in 
00 minutes. 


TViuhI of 

'1 « nip hoiitiiiR 

linn 

'» 0 (> 0 

65 ° 15 

30 
60 
120 

75 ° 15 

30 
60 
120 

85 ° 5 

10 
20 
30 

m 

05 ° 3 

5 40.0 40.5 

10 
20 

30 35.5 34.0 


pir 

7 0 

7 5 

8 0 

S 5 

28.5 

28 5 

34 5 

31.0 

31.5 

32.0 

32.0 

33.0 

30.0 

30.0 

30.0 

31.5 

30.0 

31.0 

300 


41,0 

34.5 

33.0 


36.0 

32.0 

25.0 

23.5 

32.0 

29.6 

23.0 

17.0 

27.5 

24.0 

15.0 

13.0 

31.0 

31.0 

28.5 

30.5 

30.5 

30.5 

28.0 

25.5 

30.5 

27.5 

22.0 

19.0 

27.6 

24.5 

19.0 

16.5 

21.5 

16.5 

15 5 1 

13.5 



21.0 

19.0 

30.0 

24.0 

20.5 

15.0 

25.6 

19.0 

10.0 

13.0 

20.0 

13.0 

12.5 

12.0 

17.0 

12.0 

12.0 

12.0 
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Stability Toward Reducing and Oxidizing Agents 

The object of the present work was to find suitable means of de- 
stroying the inhibitor of wheat, so that it would not interfere in the 
production of alcohol from this grain. ..Although takadiastase and malt 
are not affected by the inhibitoi*, other amylases of possible industrial 
significance arc inhibited or at least aie reduced in eflSciency. Conse- 
quently a number of reducing and oxidizing agents were investigated 
for their ability to combat the effect of the inhibitor. 

The reducing agents employed were hydrogen sulfide, sodium sulfide, 
sodium sulfite, sodium hypophosphite, hydroquinone and ascorbic 
acid. The most effective of the list were hydrogen sulfide, sodium SUI- 
TABLE VII 

Action of Reduatig Agetilt (0.005 M) on the AdivUg of the Inhibitor 
(0.0? ing./nd.) at 50°C. for SO minutes 

Doxiiinization times m minutt's 
pH of treatment 



5.5 

6.0 

8.0 

Inhibitor 

29.0 

32.0 

37.0 

Inhibitor + Hodium sulfite 

12.5 


18.5 

Inhibitor + sodium sulfide 

28.5 


32.0 

Inhibitor + sodium hypophosphite 

37.5 


27.0 

Inhibitor + hydroquinone 

21.0 


29.0 

Inhibitor + asoorbic acid 


15.0 

25.0 

No inhibitor”’’ 

11.5 

15.0 

11.5 


' Controls for each reagent showed that excess reducing agent had no retarding 
action on the amylase activity of saliva during the dextrinization tests at pll (Mi. 

file and ascorbic acid; sodium hypophosphite and hydroquinone were 
almost without effect. Acidic pHs wore more favorable for the inactiva- 
tion than alkaline. Sodium sulfite wtw able to cause almost complete 
inactivation in 30 minutes tti 30®(\ at plT 6.6 in a concentration of 
0.005 M with a solution of inhibitor containing 0.07 mg. per ml. 
Hydrogen sulfide was less effective at SO^C. than sulfite, but at OS^C. 
caused a complete dostiuction witliin 5 minutes. The inactivation was 
not reversible. Results are shown in Table VII. 

Oxidizing agents were even more effective than reducing agents in 
destroying the activity of the inhibitor. The reaction, as in reduction, 
was not reversible. Oxidizing agents investigated were chlorine, bro- 
mine, hydrogen peroxide, sodium chlorite, potassium bromate and 
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polashium chlorate. All except potassium bromate and chlorate wore 
(*apal)Ic of inactivating the inhibitor. 

Clilorine, of all the oxidizing agents employed, was the most olToctive 
in destroying the inhibitor. The data of Table VIII show that in con- 
centration of 0.00005 M chlorine in water, the purified inhibitor (0.07 


TABLE VTIT 

Effect of Chlorine Water on the Inhibitor (f).OT mg.lml.) at pH o.5 


Chlorine con cent ration'’ 

Duration of action 
min. 

Dextrinization time 
min. 

Cioiitrol (no inhibitor) 

— 

11.5 

Control (no chlorine) 


23.0 

O.OOOOl 

0.5 

24.0 

0.000025 

0.5 

17.5 

0.00005 

0.5 

12.0 

0.0001 

0.5 

14.0 

0.001 

0.5 

11.5 


‘ Excoiafi chlorine was removed by the addition of 0.01 M hydrazine Ixifore meas- 
uring dextrinization time. Excess hydrazine did not retard the amylase activity of 
saliva during the dextrinization tests. 

mg. per ml.) was almost completely inactivated in 30 seconds at 30°C. 
The action of chlorine was so rapid that the duration of reaction with 
the inhibitor was of small importance and the concentration was the 
more significant. After 0.001 M treatment no trace of inhibiting action 
could be discovered. 

The ability of chlorine to cause inactivation was do])ondent on the 

TABLE IX 

Effect of Hydrogen Peroxide {0,01 M) on tfui Inactivation of Inhibitor 
{0,07 mg.lml,) at ij0**C, 

Duration of heating Dextrinization times (minut<‘H) 

pH of heating 


min. 

5.5 

6.5 

7.5 

8.5 

Control (no inhibitor)* 

U.5 




Control (no hydrogen peroxide) 

25.0 




5 

22.5 

21.5 

20.5 

20.6 

16 

21.6 

18.5 

17.6 

15.6 

20 

21.0 

18.0 

16.0 

14.0 

30 

21.0 

17.0 

13.0 

11.6 


* Excess hydrogen peroxide did not retard the amylase activity of saliva during 

dextrinization tests. 
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purity of the samplo. If protein impurities Averc present , a correspond- 
ingly greater amount of chlorine was neederl. For instance, the addi- 
tion of 10 mg./ml. of egg albumin to the ('xperiment al conditions of 
Table VIII required a chlorine concentration of 0.01 M to effect de- 
struction of the inhilutory action. 

All the oxidizing agents w'ore more effective at plls below 7, except 
hydrogen peroxide. Its maximum effect Avas exerted at pHs above 7. 
From Table IX it will be seen that a 30 minute heating at 50°C. was 
necessary to inactivate the inhibitor at pH 8.5 with hydrogen peroxide 
concentrations of 0.01 M, whereas at a pH of 5.5 the same treatment 
had only a slight effect. 


Summary 

The amyliise inhibitor from wheat was purified by adsorption and 
elution from aluminum hydroxide. In the process a 750-fold concen- 
tration from the original wheat was effected. 

The inhibitor was precipitated from solution by protein prccipitants, 
did not dialyze through a viscose membrane, Avas inactivated by ni- 
trous acid and by digestion Avith ficin. Hence the conclusion that the 
inhibitor is a protein. 

On dialyzing a solution of the purified inhibitor against distilled 
Avater inactivation occuiTed. This did not occur Avhen dialysis Avas 
carried out against tap water, sodium chloride or phosphate buffer. 

At alkaline plls the inhibitor Avas readily denatured at 95®C. in 
10 to 15 minutes. At acid pTIs it. Avas much more stable and required 
more than 00 minutes. 

Sodium sulfite, hydrogen sulfide and ascorlfic acid inactivated the 
inhibitor, 

Chlorinb, bromine, sodium chlorite and hydrogen peroxide caused a 
destruction of tho inhibitor more readily than the reducing agents 
mentioned in tho preceding paragraph. 
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The Mode of Action of an Amylase Inhibitor from Wheat * 

Walter Militzer, Carol Ikeda and Eric Eneen 

From the Avenf Jjaboralory of Chemtstnjt University of Nelraika, Lincoln 
Rt^ccivod Doeombor 12, 1945 

Introduction 

In other papers of this series (1) the preparation, occurrence and 
properties of an amylase inhibitor were reported. The inhibitor is a 
protein in character and exists in wheat, rye and some sorghums. 
Only amylases from certain sources are affected by the inhibitors; 
salivary, pancreatic and certain bacterial amylases are inhibited, 
wheieas malt amylase and takadiastase are not. 

In this communication the mode of action is discussed more particu- 
larly from the standpoint of kinetics of reaction i*egarding the inhibition 
toward salivary amylase. The inhibitor acts in a non-competitive 
manner toward the amylase in the presence of starch. On this basis 
one can explain the lack of inhibition for some amylases and the 
presence of it for others. 


Experimental 

Determination of Initial Reaction Velocity 

In the uninliibif<»d i(»action I ml. ol stock saliva^* solution was added to 4 ml. of 
.02 M plioaphato bulTor (pll 6,5) and was allowed to incubate exactly 5 minutes in 
a bath at 30®C^. incubation, 20 ml. of starch solution, 0.03 M in sodium chloride, 
0.02 M in phoMphatc buff(T (pII <).5) were added by means of a fast flowing pipette. 
The starcdi solution was brought to a temperature of 30®C. before addition to the 
saliva solution. Th(* lime required for addition and intimate mixing of the two 
solutions was about 5 seconds. At the time inU^rvals indicated in Table III, 1 ml. 
aliquots were withdrawn and the reducing groups formed were determined by the 
method of Caldwell, Doebbeling, and Manian (2). 


We wish to express our appreciation to the Chemurgy Project, University oi 
Nebraska, for financial aid in carrying on this project. 

** Human saliva aged for 2 days at 0®C. and clarified by centrifugation. 
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In the inhibit cd rcactior*, 2 ml. of tho phosphate buffer wore replaced by 2 ml. of 
**eluled” inhibitor solution. (Inliibitor solution prepared by' adsorption and elution 
from hydrous aluminum oxide.) The inhibiting power of this solution was such that 
1 ml. was capable of increasing the dextrinization time"^ of 20 ml. of 2% starch 
(0.126 ml. of stock saliva,\ from 10 minutes to 40 minutes. 

Treaimeru of Inhibitor with Sodium Cyanide 

Five drops of 10% sodium cyainde solution and 1 drop of 5% sodium nitroprussidc 
solution were added to 35 mg. of inuibitor dissolved in 0.5 ml. of water. This solution 
was allowed to stand 15 minutes ai?d tho development of a pink color noted. A 
control was run in which the cyanide solution was replaced by an ammonia solution. 
The pink color which developed in the case of the cyanide-treated solution was not 
obsoived with anunonia. Both solutions were dilut'd with 0.2 M phosphate buffer 
(pH 6.5) until the inhibitor concentration was 0.07 mg. poi* ml. One ml. of each 
of the diluted solutions was then tested for inhibitor. No loss of inhibitor activity 
was noted in the cyanide treated solution. 

Inactivaiimi of Inhibitor with Phenyl Isocyanate 

Seven tenths mg. of phenyl isocyanate* were added to 4 ml. of 0.2 M phosphate 
buffer (pH 6.6) containing 3.5 mg. of inhibitor. Tho solutions wore sliaken well 
and placed in a bath at 30®C. White precipitates separated immediately. After 
30 min. the mixtures were removed from the bath, cooled and each extracted with 
2.5 ml. portions of ether to remove any excess isocyanate. Tho white precipitates 
dissolved completely during the extractions. The pHs of the extracted solutions 
were 6.3. One ml. of each was diluted with 9 volumes of 0.2 M phosphate buffer 
(pH 6.5) and the inhibitor in 1 ml. aliquots was determined. 

Inactivation of Inhibitor with Aldehydes 

One ml. of inhibitor solution (0.7 mg. per ml.) was added to 9 ml. of 0.2 M phos- 
phate buffer (pll 6.6) containing the appropriate concentration of al(lohyd(j. This 
solution Wiis placed in a bath (30° or 60°C.) for 30 minutos and then cooled to 25°C^. 
The pll of tho solution after heating was still 6.6. One ml. wjw removed, diluted 
to 5 ml. with buffer and tho inhibitor determined. 

Results 

Dissociation of the Inhibitor 

During the determination of the strength of inhibitor preparations, 
it was noted that a newly-prepared solution of inhibitor (from a dry 
sample) increased its ability to inhibit amylase on standing. For 
instance, a solution which had an initial action of retarding dextrin- 

* At pH 6.6 and 30°C. in the presence of .03 M sodium chloride in a total volume 
of 30 nd. 
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ization from 11.5 minutes to 31 minutes gradually increased its action 
to 56 minutes after standing for 91 hours at 20°C., as shown in Table I. 
After sufl5cient time had elapsed there was no further increase of 
inhibitory power. 

It was found that phosphate and higher temperatures accelerated 
the development of inhibitory power, so that the conditions finally 
used to get an inhibitor preparation of maximum power consisted in 
allowing the solutions to stand for 2 hours at 65°C. No doubt, the 
action of standing relates to a dissociation of the inhibitor and to the 
development of active points responsible for the combinations with 


TABLE I 

Effect of Standing on Inhibitor Efficiency 


Time of Standing 
hrs. 


Temperature 


Dextrinization Time 
min. 


Conti ol (no inhibitor) 
0.0 
0.5 
1.0 
2.0 

48.0 , 

91.0 

115.0 



11 

31 

32 
36 
35 
54 
66 
56 


mm. 

10 

30 

60 

240 


n 

pH 6.5; Gone, of Inhibitor 0.07 mg./ml. 


34 

36 

50 

56 


amylase. As shown later by kinetic studies, the combination ‘between 
amylase and inhibitor involves areas on the enzymes which do not 
enter into the amylase-starch complex. 

The combination between amylase and inliibitor is not a reaction 
which comes to equilibrium immediately upon mixing of the two 
solutions. The reaction B + 1 ^ El is a reversible reaction and 
requires an incubation period for the establishment of equilibrium. 
Kneen and Sandstedt (1) have shown that the amyl^e can be"precipi- 
tated in an active state from the complex BI by the addition of alcohol. 
In Table II data are presented which show the effect of short periods 
of incubation prior to the addition of starch on the attainment of 
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TABLE II 

Effect oj ImviMlwn of InhibUar vdth Salivary Amylase on Inhibiting Action 

Incubation Time Dcxtrinization Time 

mm. min. 


Control (no inhibitor) 13 

0.1 19 

0.26 110 

0.5 130 

1.0 146 

3.0 152 

5.0 154 


equilibrium as represented by maximum inhilntion of dextrinization. 
An interesting observation concerning an enzyme-inhibitor equilibrium 
is that no amount of inhibitor can reduce the concentration of the 
enzyme, E, to zero and, hence, the reaction catalyzed by the enzyme 
is never stopped completely. We have found this to be true. Largo 
quantities of the wheat inhibitor, while retarding the dextrinization 
time enormously, never gave complete inhibition of amylase activity. 


The Reaction Between the Inhibitor and Amylase 

Since the inhibitor-enzyme i-eaction can be represented by the 
equilibrium -1- 7 El, it follows that the nature of the reaction 
between the two can be determined by employing the methods already 
in use for competitive and non-competitivc inhibition which have 
been discussecl fully and applied freely (3, 4, 5). In competitive 
inhibition the substrate of the enzyme and the inliibitor compote for 
the same reactive i)oint8 on t he enzyme, in a non-competitive inhibition 
the substrate of the enzyme and the inhibitor occupy difforont points 
on the enzyme. 

In our work the Lineweaver and Hurk treatment (4) was the most 
applicable, since measurements were made in dilute solutions. For tJiis 
method, comparison of the results of two equations is necessary; tlu* 
first from the uninhibited reaction (o), the second from the inhibited 
reaction (b). 


1 _ Ks 1 
» “ V 


(a) 


i = i 

v~ V 


Ks -f- 


Ksm 

KI J 


- + - 
/S F 


ib) 
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In the equationb o is the initial velocity, V the maximum velocity, 
/.*? the substrate concentration, Ks the dissociation constant of enzyme 
substrate complex, / the concentration of the inhibitor and KI the 
dissociation constant of the enzyme inhibitor complex 

Equation (6) was derived for competitive inhibition from the con- 
sideration E + H + I ^ EH 4- El. If 1/c is plotted against 1/S, 
straight lines result with various S concentrations from both the 
uninhibited and the inhibited reactions which differ from each other 
in slope. Since l/V, the maximum velocity, remains the same in both 
instances, the two lines have a common intercept. 

For non-competitive inhibition, (6) is no longer valid. The effect of 
non-competitive inhibition consists merely in lowering the effective 
concentration of the enzyme, and hence the maximum velocity 1/F is 
changed. When !/« is plotted against 1/8 for the uninhibited and 
inhibited leactions, straight lines are obtained which have identical 
slopes but different intercepts. 

In a more i-ecent publication, Ebei’sole, Guttentag and Wilson (5) 
develop the idea of non-competitive inhibition still further by proposing 
two types for non-competitive reactions. When the inhibitor combines 
with the enzyme, independent of the presence of the substrate, the 
equation for the reaction is such that the slope and intercept change 
upon plotting I/?' against 1/8. In one type the inhibitor attacks both 
E and E8 with equal afidnity. In a second type the inhibitor attacks 
E8 with greater affinity than E and the slope changes less than the 
intercept. 

In the amylase inhibitor our chief interest lay in choosing between 
competitive and non-competitive inhibition rather than in proving 
the typo of non-competitive inhibition. There is general agreement 
that a change in intercept of the graph l/v against 1/8 indicates lack 
of competition by the substrate and inhibitor for the enzyme catalytic 
point. 

The initial velocities of starch degradation by salivary amylase were 
determined at several substrate concentrations for the uninhibited 
and for the inhibited reactions. In following starch degradation, 
Haccharif 3 dng power was used instead of the usual dextrinizing power 
(because of its convenience), the method for determining maltose being 
that of Caldwell, Doebbeling, and Manian (2). To obtain the initial 
velocity, c, mg. of maltose were plotted against reaction time in 
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minutes and the slope of the resulting curves at zero time (as deter- 
mined by the method of Hanes (6)) yielded v directly. 

When 1/y values were plotted against XjS for uninhibited and in- 
hibited reactions, the graphs of Fig. 1 resulted. Since the sloi)cs are 
identical and the intercepts different, the reaction between the wheat 
inhibitor, the enzyme, and the substi'ate is a non-competitive reaction. 



Fks. 1 

Reciprocal TniLial Vclocilios (l/v) Plotted Aj^ainst ll(‘ciprocfil Suhslratt' 
Concentrations (1/5) for the Uninhibited Redaction (C^urvt* A) 
and for the Inhibited Reaction (Curve U) 

This is unusual since most reversible inhil)itioii reactions arc com- 
petitive. 

The non-competitive nature of the inhibition by the wheat amylase 
inhibitor helps to explain an anomaly which at first seemed dilBcjult 
of reconciliation with other facts. Not all amylases were inhibited by 
the inhibitor. Thus, takadiastase and malt amylase were not affected, 
and pancreatic amylase was affected much less than salivary or 
bacterial amylase. This difference did not originate from the presence 



WHEAT AMYLASE INHIBITOR 


327 


of a count ci--inhibitory HubHlance, since purification of the amylases 
had no effect on their rmstancc. If the inhibitor were blocking out 
the active positions on the enzyme responsible foi- the splitting of 
starch (as in a competitive reaction), all amylases should have been 
affected. Since the reaction is non-competitive it follows that certain 
amylases have groupings which can combine with the inhibitor while 
others do not, yet all possess the catalytic groupings necessary for 
starch hydrolysis. 


Reactive Groups on InhMoi' 

Destruction of the inliibitor by oxidizing and reducing agents was 
discussed in a previous paper of this series (1). Since both of these 
may attack cei-tain groups in the protein molecule, an attempt was 
made to correlate specific amino acid groupings of the inhibitor with 
the reagents employed. 

Reducing agents such as hydrogen sulfiide, thioglycolic acid and 
sodium bisulfite frequently exert their effect on a protein by reducing 
the disulfide linkages to sulfhydryl groups. In the active inhibitor no 
sulfhydryl groups wore detectable with the nitroprusside test, but 
reduction with sodium cyanide yielded positive tests. A correlation 
between the appearance of sulfhydryl groups and deactivation of the 
inhibitor was, however, not possible. The reduction by sodium cyanide 
did not produce inactivation of the inhibitor, and it is most likely 
that a foreign protein was responsible for the appearance of sulfhydryl 
groups in the reduction. 

The inhibitor preparations gave no tests for tyrosine by the Millon 
reaction, which simplifies the interpretation of the action of nitrous 
acid in destroying the inhibitor. The most logical group to bo attacked 
by nitrous acid is the amino group, but this is by no means a certainty 
since nitrous acid is an oxidizing agent, a nitrosating agent and a 
nitrating agent. (Tyrosine residues would be attacked readily by 
nitrous acid.) Plienylisocyanate inactivated the inhibitor, and so it is 
(luitc likely that amino groups are involved in the stmeture — although 
p-toluencHulfonyl chloride and i>-nitrosodimethylaniline did not affect 
it. The latter may be due to unfavorable solubilities. 

Preparations of the inhibitor gave strong tests for tryptophane; 
and of the amino acids most likely affected by chemical treatment, 
this one appeared to be most closely linked to the activity of the 
inhibitor. Halogen and oxidizing agents attack tryptophane with great 
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ease. Further, it was found that aldehydes, such as acetaldehyde, 
formaldehyde and bcnzaldehydc, destroyed the inhibitor. The data 
arc shown in Tables III and IV. Of the three aldehydes, benzaldehydc 
was the most potent in causing inactivation. Acetone had no effect. 


TABI.K III 

Inadivation of the Inhibitor hy Bemaldehyde (p.03 M) 


Time of Action at 30®C. 

Dpxh'inissixtion 

Control (no inhibitor) 

12 min. 

Inhibitor 

30 

0.5 min. 

24 

5 

18 

10 

10 

20 

15 

30 

12 


Cone, of inhibitor = 0.07 mg./ml. 


TABLE IV 

InaduxUton, of Inhibitor by Aldehydeti 


Concentration of 

Dextrinization Time 

Aldehyde 

Temperature of Standina 

Acetaldehyde 

30®C. 

60®C. 

control 

11.5 min. 

11.5 min. 

0.1 M 

16 

12.5 

0.05 A/ 

18 

14 

0.01 Af 

22 

22 

0.00 

28 

30 

Formaldohydo 



control 

11.5 

11.5 

0.1 AI 

27 

14.5 

0.05 A! 

29 

M.5 

0.01 Af 

43 

20.5 

0.00 

31 

32 


(3ono. of inhibitor =■ 0.07 mp'./ml.; time of stiindinR “ 30 min. 


A likely grouping to bo attacked by the treatment, of proteins with 
aldehydes is the indole grouping of the tr 3 rptophane residues. 

Gortner (7) made an extensive study of th() reaction between 
aldehydes and many indole derivatives to yield humins and demon- 
strated that tryptophane Combined with aldehydes dining the hy- 
drolysis of proteins. The conditions employed by him were strong acid 
conditions. The conditions employed in the inactivation of the in- 
hibitor with benzaldehyde (pH 6.5) are mild in comparison, but the 
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reactivity of the a-hydrogcn of the indole ling should permit a measure 
of reaction sufficient to denature a protein. Further work is, of course, 
necessary to demonstrate the point. 

Summary 

The effectiveness of an amylase inhibitor obtained from wheat 
incieases upon standing in solution. 

The reaction between amylase, starch and the inhibitor is a non- 
competitive inhibition. 

The evidence points to tryptophane of the inhibitor protein as 
being the sensitive amino acid gi-ouping in the molecule, since reagents 
known to be specific for this amino acid likewise caused the inhibitor 
to lose its activity. 
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Fat Formation in F. Lycoperseci ^ 

Robert F. Witter and Elmer Stotz 

Finm the Dimion of Food Science and Technology, N. Y, State AgiicvUwal 
Experiment Station, CotneU Vniversiiy, Geneva, N. 1*. 

Ei'ceivcd December 17, 1945 
Introduction 

The most fruitful experimental approach to the problem of the bio- 
chemical transformation of carbohydrate to fat has been with certain 
yeasts, molds and bacteria which rapidly and efficiently synthesize 
fats from cai'bohydrate and which ai’e suitable systems for chemical 
studies. For the purpo.se of studying this phase of metabolism it was 
necessary to set up a suitable test system, employmg a mici’oorganism, 
so that the efficiency of intermediates in promoting fat synthesis could 
be ascertained. C’crtain strains of Fusaria may form from carbohy- 
drate largo amounts of a neutral fat (1-4) which is similar to olive oil 
in composition (3-5). The process may take place in either surface or 
shaken culture (3). Many of the fungi which have been used in the 
past in studying transformation of carbohydrate to fat, for example, 
Etidomyces vcmdlis (6), must be growm in surface culture and, hence, 
would not be suitable for certain types of experiments. F. lycoperseci 
was selected as the tost organism after demonstration that this strain 
could form large amounts of fat from glucose by produemg mycelia 
of 3()% fat (dry weight basis) when the fungus was grown on the M 
solution of Lockwood et al. (7). 

It seemed necessary at the outset to provide conditions which would 
separate nonspecific fat formation, occurring as a result of the growth 
of the mycelia, from metabolic stops which are independent of growth, 
for it is possible that any substance that could serve for growth might 

^ Supported by grants from tho Nutrition Foundation, Inc., and the Sugar Re- 
search Foundation, Inc. 

* Approved by the director of the New York State Agricultural Experiment Sta- 
tion as Journal Paper No. 652, Deo. 1945. 
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lead to the normal fat formation characteristic of the s])ocics. If 
metabolism could proceed independently of g.i’O’wth, Ihou intorniediates 
might be tested more si)ecifically for their ability to be eonvort(‘d into 
fat. With few exceptions (8, 9), most workers have ignoi’od this 
consideration. 

The effects of growth and of metabolism may be soparuled by grow- 
ing the fungus on a medium in which a low-fat mycelium is produced 
(growth phase) and then replacing the first nutrient solution by the 
test medium (metabolic phase) in which there is no source of nitrogen. 

In these studies low-fat mycelia were incubated in nitrogen-free 
solutions which were buffered at pH values from 2 to 9, and the changes 
in Kjeldahl nitrogen, mat weight and total fatty acids observed. 'Fhe 
level of Kjeldahl nitrogen was chosen as a measure of the formation 
of new protoplasm, since increases in mycelial weight alonc^ may b(‘ 
due only to the storage of fat or carbohydrate. Under th(‘ eonditions 
of these experiments it was possible to determine whetheu* growth 
occurred during the process of fatty acid synthesis and, hence, whether 
growth processes and fatty acid formation could l>e separated. 

For the purpose of conducting these experiments, a micro titrimetric 
method based on the procedure outlined by Bloor (10), was also d(*- 
veloped for the determination of total fatty acid in the fungus. 

Experiment*vii 

Micro Titrimetric Method for the Determination of Total Fatty 

The procedure consists in extraction of the lipids from th(' lyophilized 
mold by refluxing with boiling aleohol-i^tlier, liborai-ion of the fatty 
acids, extraction of the latter by petroleum ether, I’emoval of min<u*al 
acids and titration of the fatty acids in alcohol solution with 0.02 N 
alkali. The method offers the advantages of spewed of ext»raction of th(‘ 
lipids, adaptability to routine analysis and the use of a small sample. 
Lyophilization is an essential step in the procedure since uusatisbu*/- 
tory fat extraction was obtained if the fungi were dried by the usual 
means. The lipid extract must be protected from oxidation during 
evaporation of solvents by an atmosphere of nitrogen. Petroleum ether 
was not as satisfactory as alcohol-ether for the direct extraction of 
fat from the fungus. 

With the exception of samples requiring only 0.2 to 0.4 ml. of 0.02 N 
alkali, duplicate analyses checked within ±6%, a range which is the 
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same as that obtained by Man and Gildea (11) who present a summary 
of previous tit.rimetric methods (12, 13, 14). 

Method . 

The fungus (40-100 mg.) is removed from culture and thoroughly washed with 
distilled water. The tissue is ground to a fine suspension with a Ten Brock 
homogenizer (Scientific Glass Co.), transferred to a measuring cylinder and the sus- 
pension diluted to 25 ml. Ten ml. aliquots are frozen in tared 50 ml. fat extraction 
flasks and lyophilized.® After determination of the dry weight, the porous residue is 
extracted by refluxing for 1 hour with. 25-30 ml. to a boiling alcohol-ether mixture 
(3 parts by volume of 05% alcohol to 1 part of freshly prepared poroxidc-fi*oe ethyl 
ether). 

At the end of this time the solution is filtered through fat-free paper into another 
fat extraction flask and the residue washed with thiee 6 ml. portions of alcohol- 
(Mhor. Two-tenlhs ml. of 40% potassium hydroxide and a glass bead are added to 
the flask, the top covered with a close-fitting watch glass and the flask immerstxl in 
a water bath at 85-90°C. At the end of \}4 hours the remaining traces of alcohol are 
i’einove<l with a stream of nitrogen, the fatty acids liberated from the soaps by addi- 
tion of 1.5 ml. sulfuric acid and suba^quently warming until the solid material 
melts. The flask is allowed to cool, 25 ml. of petroleum ether ^ added and th(‘ mixture 


TABLE 1 

Recovery of Oleic and Stearic Acid Added to Alcohol-Ether Solution ^ 


Acid 

Sample 

No, 

Amount 

added 

mE 

Amount 

recovered 

mE 

Recovery 
per cent 

Oleic 

1 a 

0.0656 

0.0656 

100 


lb 

0.0656 

0.0652 

99.4 

Stearic 

2a 

0.0670 

0.0670 

100 


2 b 

0.0670 

0.0674 

100.5 


* All titrations were corrected for the blank. Alcoholic solutions of either stearic 
or oleic acid (Eimer and Amend, CP) were standardized by titration, and aliquots 
appropriat(»ly diluted with alcohol and poroxido-freo other for recovery tc^ts. 

refluxed for 10 minutes. The contents of the flask are then cooled, 2 ml. of 5% po- 
tassium aulfato solution added and the aqueous layer removed by siphon. Traces of 
mineral acid are removed by washing the petroleum oth(‘r layer with three 3 mL 
portions of potassium sulfate solution. The washed petroleum ot.h(‘r is evaporated in 
a stream of nitrogen at 40-50®0., the residue dissolved in 10 cc. of 95% alcohol and 

® Satisfactory lyophilization was obtained by placing 12 flasks in a Pyrex 250 mm. 
desiccator over a fresh charge of 600 ml. of CP sulfuric add, evacuating to the ca- 
pacity of a Cenco Hyvac pump, and holding at 6®C. for 48 hours. 

* The petroleum ether is purified by distillation after standing for 24 hours ovor 
sulfuric acid. 
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tho solution brought to the boiling point. After 1 drop of I % phenolphthalcin in- 
dicator is added, the fatty acids are titrated with 0.02 N alkali while nitrogen is 
bubbled through the solution. Blank doteiminations with alcohol-other solvent are 
carried out with each set of analyses. 

In Table I recoveries of oleic and stearic acids added to alcohol- 
ether solution are given, and in Table II sample data on the analysis 


TABLE II 

Determination of the Total Fatty Acids in the Mycelia of F» ly coper sect ^ * 


Sample No. 

Weight of 
Sample 
mg. 

Titration with 
0.0211 N alkali 
ml. 

Total fatty acid 
(as oleic) 
per cent 

la 

73.9 

4.41 

35.3 

lb 

37.1 

2.27 

36.1 

1 c 

37.3 

2.37 

37.6 

2a 

56,0 

1.20 

12,9 

2b 

55.6 

1.25 

13.4 

3 a 

31.1 

0.275 

5.2 

3b 

31.3 

0.295 

5.6 


1 Samples with the same number are aliquots of the same suspension. 
* All titrations corrected for the blank. 


of different mold suspensions covering a wide range of fat content 
are presented. Oleic and stearic acids were recovered with satisfactory 
duplication, and proportionate fatty acid recovery using X and 2X 
amounts of sample provides proof of the adequate extraction of fat 
from the mycelia. 


Micro Kjcldahl Determination ® 

Aliquots of gi’ound mold suspension were digested for one hour with the digestion 
mixture of Poe and Kalder (15) in winch copper sulfate, mercuric oxide and facleniuni 
are employed as catalysts. Tho ammonia wiw distilled into 2% boric acid and ti- 
trated with 0.01 N hydrochloric acid using tho indicator of Ma and Zuazaga (16). 

Culture Techniques 

F, lycopersecij obtained from F, L. Wellman, U. S. Dept. Agr. Exp. Sta., Belts- 
viUe, Md., Strain No. R-5-6, was maintained on potato-dextrose agars and trans- 
ferred at monthly intervals. For inoculation of samples a. spore suspension was pre- 
pared from one agar slant and 50 cc. of sterile water. 


® A distilling apparatus manufactured by the Scientific Glass Co. (Catalogue No. 
3074) was employ^. 
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Shaken Cidtvre. 1.5 Liters of medium A,® contained in a 3 liter Florence flask, were 
inoculated with 50 ml. of spore suspension and shaken for 96 hours at 28°C. At the 
end of this time the mycelia were allowed to settle to the bottom of the flask over- 
night at 5®C. The supcmatant was removed by decantation and the residual mycelia 
wore transferred to sterile centrifuge tubes and rinsed 3 limes with 100 ml. portions 
of sterile distilled water. The washed cells were suspended in 50 ml. of sterile water 
in a sterile 500 cc. Erloumeyer flask, the bottom of which was covered with glass 
beads. By swirling the flask, a fine uniform suspension of cells was obtained. After 
aliquots of this sxispension were removed for fat and nitrogen determinations, other 
aliquots were transferred to samples of the second medium ^ which were contained 
in 50 ml. test lubes. 

Stationary Culture. The low-fat mycelia mats were grown at 28®C. in 125 ml. 
Erlenmcyer flasks, each containing 20 cc. of Medium A which had been inoculated 
with 1 ml. of the inoculating suspension. At the end of 96 hours Medium A was re- 
mo ve<l by pipotto and ivplacod by 10 ml. of Medium B.® This procedure was con- 
ducted under aseptic conditions and the salts and glucose were autoclaved separately. 
The chemicals were of the C. P. grade with the exception of th^e glucose, which was a 
commercial corelose. 


Results 

The results of experiments in which low-fat mycelia were incubated 
in shaken and in stationary culture are presented in Tables III and 
IV. With shaken cultures (Table III) the low-fat mycelium of known 
fat and nitrogen content was transferred to 16% glucose solutions 
which were buffered at pH 2 to 8 with phthalic acid-phosphoric acid 
l)uffer. The experiments were conducted in triplicate; 7.5 ml. of a 
glucose solution of a given pH wore contained in each of three 50 cc. 
test tubes which were shaken at 28®C. At the end of 115 hours the 
contents of the three tubes were combined and analyzed for total 
fatty acids and Kjeldahl nitrogen. As controls, triplicate experiments 
were also conducted in which nitrogen (2.0 g. of potassium nitrate 
per liter) was included in the 16% glucose solution (No, 9, Table III), 
in which gluc()se was omitted from the buffer (No. 10, Table III), 
and in which no inocTilating mycelia were added to the 16% glucose 
solution (No. n, Table III). 

« Glucose, 10 g.; KHaP04, 1.0 g.; MgS04-5H*0, 0.5 g.; KCl, 0.5g.; NILNO,, 
2.0 g. Robbins (17) salt solution, 0.1 cc.; water, 1000 cc. 

^ After the aliquots of mold suspension were addc<l to the aliquots of the second 
medium, its final composition was glucose, 160 g.; N HaPOi, 80 cc., potassium acid 
phthalate, 1.08 g., N KOH to adjust to desired pH; water, 1000 cc. 

® Same as Medium A but with a glucose concentration of 25%. 
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SimiJai oxporimcuis wore caiTied out with stationaiy cultuioh (Taiilo 
IV). The myoolium of known composition wjis tranhforrod to 25% 
glucose bolutioas. Thohe experiments wei’e conducted in duplicate; 10 
ml. of a 25% glucose solution that was adjustwl to a given pll, were 
contained in each of two 125 ml. Erlenmeyer flasks. At the etui of 163 
hours incubation at 28‘’C., the mycelial mats of each group of two 

TABLE III 

Fat Foimatwn in Shaken Cultures 

The cultuies weic sliakon tot 115 houis at 28‘’C. and the fatty acid oonli'nt calcu- 
lated as ok'ic acid 


Solu- 

tion 

No 

Initial 

PU 

Final 

pH 

Itum pci 

100 CO 

Pci < t ut 
fit 

I at poi 
100 cc 

P( 1 < ent 
mtiORcn 

Nitio- 
«< n pc I 

100 f( 

PlOtllll 

pci 

100 (C. 

Ciubo- 

hvdiate 

p( i 100 
CO - 

^ ti in- 
ti OKI n 

I tdo 




mu 

j)p) t(nt 

ffif/ 

pet unt 

mu 

mu 

mu 


V 

— 

-- 

267 

25 

6 

0.97 

18.6 

116 

148 

0.32 

2 

2.1 

2.1 

250 

35 

9 

5 52 

13 8 

86 

155 

0.65 

3 

3.0 

30 

351 

66 

23 

4.26 

14 9 

93 

235 

1.54 

4 

3.3 

32 

351 

6.7 

20 

4.44 

15.6 

98 

233 

1.28 

5 

6.0 

5,0 

443 

12 0 

53 

2.98 

13.2 

82 

308 

4.01 

6 

7.2 

61 

484 

10.6 

51 

2.97 

14.4 

00 

343 

3.54 

7 

7.0 

6.0 

511 

14.3 

72 

2.87 

14.6 

91 

348 

4.03 

8 

8.0 

61 

477 

13.5 

64 

2 89 

13 8 

86 

327 

4 63 


32 

5.4 

710 

11.0 

78 

3.82 

27.1 

169 

463 

2.89 

W 

3.2 

4.8 

274 

1.0 

4 

4.13 

11.3 

71 

196 

0.35 

IP 

8.0 ! 

7 1 

1 









‘ Analysis uf mycelia before transfer. 

* Myooliai weight minus fat-f-piotohi contents 

* 2.0 g. KNO« p(*r liter. 

* No glucose present, 

' No inoculating mold added 

flasks woi’G combined and analyzed for total tatty acid and Kjeldahl 
nitrogen. As control, 2.0 g. of KNOs per liter uas added to (he 26^1'^ 
glucose solution in two flasks (No. 4, Table IV), and the mats in one 
^up of flasks (No. I b. Table IV) were not transferred to the nitrogen- 
free high glucose solution but left for 163 hours more in the solution 
in which they were grown. In another series of experiments not in- 
cluded in Table IV, qualitatively similar results were obtaineil witli 
an incubation period of 115 hours. 
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The amount of protein in the mycelium was calculated by multi- 
plying the nitrogen content by 6.25; the level of carbohydrate was 
estimated by subtracting the sum of the amounts of fat and protein 
from the mycelial weight; the fat: nitrogen ratio was calculated by 
dividing the mg. of fat by the mg. of nitrogen. The fatty acid was 
calculated as oleic acid. 


TABLE IV 

Fat Formation in Stationary Cultures 

The cultui-es were incubated at 28°C. for 163 hours and the fatly acid conU'iit 
calculated os oleic acid. 


Solu- 

tion 

No. 

Initial 

pll 

Final 

1>H 

Myci^ 
hum pel 
100 oc. 

Pei cent 
iat 

Fat pci 
100 oc. 

Poi cent 
nitrogen 

Nitro- 
gen pel 
100 CO. 

Piotein 

per 

100 00. 

Cai bo- 
hydrate 
per 100 
oc.i^ 

Fat:ni- 
tiogen 
lat 10 

1 ai 


7.0 

niQ. 

433 

pti cent 

15.8 

my. 

68 

ppreeni 

5.17 

mg. 

22.4 

mg 

140 

mg. 

225 


Ibi 

— 

6.8 

380 

15.6 

59 

5.50 

20.9 

131 

190 

2.82 

lc2 


7.1 

335 

9.6 

32 

5.18 

17.4 

109 

194 

1.84 

2® 

5.7 

6.1 

356 

11.2 

40 

5.14 

18.3 

114 


2.18 

3a 

2.1 

2.0 

644 

30.2 

196 

3.98 

25.6 

160 

288 

7.65 

3b 

2.1 

2.0 

676 

30.8 

208 

4.34 

29.3 

183 

284 


4* 

5.5 

6.2 

2930 

25.6 

750 

1.65 

48.4 

303 

1877 

15.5 

5 

5.9 

5.4 

1050 

35.4 

372 

2.39 

24.1 

151 

517 

16.1 

G 

8.4 

7.2 

1545 

24.9 

398 

1.47 

22.7 

142 


17.6 

7 

8.7 

7.2 1 

1340 

25.2 

320 

1.81 

24.3 

152 

868 

13.5 

8 

9.0 

7.1 ! 

1 

1330 

31.1 

413 

1.70 

23.8 

148 

769 



* Analysis of (‘olium Iwfore transfer to 25% glucose solution. 

2 Analysis of luycclia which were left in the initial “growth medium” for 163 hours 
after the other mats wore transferred to the 25% glucose solution. 

® Control solul/ion, no glucose present. 

* 2.0 g. of KNOa per liter added. 

* Mat weight minus the sum of the fat-j-prolein coiiUmiIh. 


Based on the criterion of Kjoldahl nitrogen increase, it appears 
that little or no ‘'growth'' may occur with largo increases in mat 
weight duo to deposition of fat and carbohydrate (metabolic phase). 
At pH 5.9 to 9.0 the protein content of the mycelial mats of stationaiy 
cultures increased on an average of.about 13% although at the same 
time the mycelial weight increased 200 to 300%. In shaken cultures 
(Table III) at the end of 115 hours incubation in a high-glucose solu- 









338 


ROBiSET K. WITTER AND ELMER STOTZ 


tion, the Kjeldahl nitrogen content actually clccroascd. It seems pos- 
sible that the organism in the more vigorously aerated eulture was 
forced to utilize its protein for vital processes. WheiKwer a source of 
nitrogen was included in the medium, there was a striking increase in 
the nitrogen content of the mycelium (No. 4, I’able IV; No. 0, Table 
III). The fat -.nitrogen ratio is assumed to be a measure of the efficiency 
of fat synthesis. From Tables III and IV it is clear that the most 
efficient fat synthesis, and also the maximum deposition of carbohy- 
drate, occuiTed at pH 7-8. 


Discussion 

The results of these experiments demonstrate that growth processes 
and fatty acid formation may be separated. With i.he exception of 
results with the cell-coimting technique of Kleinzeller for TorulopjtJ)^ 
Upofera (9), these are the fii-st quantitative data of this type. The? re- 
sults should be of value in the interpretation of the data of past ex- 
periments on the mechanism of formation of fat from carbohydrate 
by microorganisms, and in studies now in progress in which the effects 
of various intermediates on fat synthesis and the probability of me- 
tabolic steps in the transformation of carbohydrate to fat will be tested. 
With this technique the data can be regarded, with some degree of 
certainty, as indicating a true converaion of tested intermediates to 
fat, and not simply their availability for growth of the mycelia. 

It was found that an initial pH of 7 to 8 was most favorable for 
fat synthesis from glucase. F. lycopersen has a pH optimum for growth 
at S.8-().8 (17) but, in addition, maximum gi-owth has also been ob- 
served at pTI 4.5 to 5.3 (19), 5.8 (18) and 7.8 (18). Undoubtedly such 
factors as the composition of the meduim and tlie temperature may 
account for some of the <lifferenccH in pH optima whicli havis b(x>n 
reported (20, 21), and it is thus difficult to judge the signilioance t)f 
the finding that the pH optimum for growth is virtually the same as 
the pH optimum for fat synthesis with minimum growth. The i)Il 
optimum for the formation of fat from carbohydrate appears to vary 
with the microorganism. For example, with P. Immicum van lieyma 
fat synthesis was favored by an acid pH (7) ; on the other hand, with 
AspergiUiis fiacheri the optimum range was either neutral or slightly 
alkaline (22), while fat formation appeared to be independent of pH 
over a wide range with Asp<irffHlvs niger (8). 
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Summary 

¥ 

A micro titrimetric metTiod for the determiaation of the total fatty 
acids in the mycelium has been developed. The synthesis of fat from 
glucose by F. lycopersed in nonnitrogen-containing solutions has been 
studied in shaken and stationaiy cultures which were buffered at 
different pH values. The greatest synthesis of fat from carbohydrate 
was observed at pH 7 to 8. Since there was little or no growth of the 
mycelium (as estimated by the change in the level of Kjeldahl ni- 
trogen) with the formation of large amounts of fat in these high- 
glucose solutions, the processes of growth and of fatty acid formation 
have been separated. 
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Introduction 


Proteins and their amino acids ai’C tlio vital constituents of plants, 
yet only meager intormation is available on the part which these com- 
pounds play in satisfying the carbon requirement of their fungous 
parasites. It is known that the proteins have a high calorific value and, 
that under certain conditions, they can furnish energy for growth and 
respiration. Most of the straight chain amino acids can be assimilated 
by the animal body and under certain conditions as much as 58% of 
the ingested protein can be converted to glucose (2). Proteins and pep- 
tones are also good media for the growth of some'fungi; for instan^ 
Klotz (7) grcAv three fungi on a peptone medium and KrainsJ 
showed that both proteins and amino acids can be metabolizgjj 
Actinomyccten. Aecdrding to Anderson and Emmart 
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produce mycelium. Shade and Thimann (11) sh^|l 
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Pjiikow (1 1) point out iJiat Asjwnjillus will mckibolizc nion* amino 
!U‘i(ls in th(‘ pri'soncc of a less available source of carbon tban wluin a 
more rcsadily jwsimilated sugar is present. 

'i'he purpose of the present investigation was threefold: ( I ) 'I'o sliudy 
the availability of amino acids as a source of carbon for th(' growth of 
fungi, (2) to juscertain whether any correlation could Ix' made between 
the structures of the compounds and their availability for the produc- 
tion of mycelium, and (3) to detei-minc the effect of their metiibolism 
on the pTl of the substrate. 


Experiment.\Ij Pboobdukk 

Two fungi, Penictllium roqiwfortii and Fusarium oxyttjxtniin var. 
lycoporsici, were chosen for these studies, the former because of its 
ability to grow readily on protein and the latter because it exhibits no 
such special proclivities. Twenty-one amino acids and four related 
compounds were tested as carbon sources. Mycelium production was 
determined in two ways, both in a liquid medium and on a solid me- 
dium. The inorganic nutrients were the same as described for Richard’s 
solution,^ except that amino acids were substituted for tlie carbo- 
hydrate in the original formula at a concentration of (10). 

■ solutions were adjusted 1.0 a jiIl of 0.0 after 

ao acids. Some amino acids wore insoliible in 
ose cases, the solution was first made alkaline 
3 and then adjusted to the final acidity. Oe- 
tlie amino acid were incorporated int.o tin* 
nine whether lack of growth was duo to 1h<! 

were tried; (I) autoclaving the com- 
BUmimdium thrcmgii a K(>it.z filiic^r, and (3) 
inorganic salts and then 
j^^^^HHHl^ll^ces myc('lial growth 
were observed and the ste^^^^^B||^^HB|te medium by passing 
through a Bcitz filter was|^^^^M|rl||^^^B|^dies because of its 

The initial experiment o^^^^Hwth on^H|H|||gi and the pH 

'KHO, 10 FoCl3...^B^^Bk 0.02 k. 

KHiPOt 5 Cauo Sugar 

MgS 04 Distilled cc. 
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determinations wore made in luiuid media. Five ml. of tlie medium 
were pii)etted iisoptically into sterile test tubes and the tubes were 
inoculated with the Fiisaritm using a 2 mm. disc of agar, taken from 
the peripliery of a 10-day old petri plate culture of that organism. 
Spores of the Penicillium were obtained from a 14-day test tube culture 
and aliquot portions of a spore suspension were used to inoculate the 
amino acid solutions. All solutions were run in triplicate and were 
shaken twice daily to aerate the media. The extent of growth of 
mycelium was recorded after seven days and was described by creat- 
ing six classes, with “0” indicating no growth and “5” as a heavy aerial 
mat, covering the surface completely. All determinations of hydrogen 
ion concentration were made with a glass eleetrodc. The mycelium 
was filtered oft after 1 1 days and the filtrate alone was use<l for the 
readings. All pll records are the average of the values obtained from 
the three replicates. 

One fungus, Fusaritim oxyttporim var. lycopemci, was used to in- 
vestigate' the relationsbi]) between the structure of the amino acids 
and tlieir utilization ivs a source of carbon. Because only small amounts 
of the amino acids were available, growth of the fungus on agar was 
used as a measure of mycelium production rather than the gravimetric 
procedure. By this means small quantities of the reagents sufficed to 
give (piantitativ(' measurements. The assay tubes were made by in- 
denting th(' walls of ordinary bacteriological test tubes, one inch be- 
hind the mouth of the tube which prevented the media from escaping 
when the tubes w('re ])lacod in a horizontal position. 

'I'wo mi. of a 0 iigsu’ solution were pipetted into each test tube and 
riu' lubes W('re then plugged with cotton and sterilized. I'he various 
synthetic nutrient solutions were prepared at <louble strength and 
were passed through a Seitz filter into sterile test tuix's. Two ml. of 
each of these solutions were transfeiTcd to the agar t,ul)es, while the 
agar Wiis still litjuid. The medium was Inoculated with a disc of my- 
celium alter the agar had sot. 

Two m('!isui'ements of gi'owth werdfcused: (!) a linear measurement 
in milliraetei-H, and (2) a record of the density of mycelium to which 
values of I and IV w('re txssignod. Preliminary experiments indicated 
that no correlation existed between linear growth and the density of 
the aerial hyphae. For example, on the histidine medium the my- 
celium reached 100 mm. in 1-1 days and had a density of IT, w'hile on 
the leucine medium it rcaeh<Hl only (51 mm. but had a <lenHity of IV. 
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Another expcrimout with incroasinR conpcnlirationh of dextrose* from 
0.5 to 5% showed no iinportant differences in linear ftrowth Iml a 
definite inereiiso in density was associated with inereasinft eoncentra- 
tions of sugar. A composite measure of growth Wiis then'fore deiive'd 
by multiplying linear growth and density. 

Rksultb and (Jonolusions 
EJfcct of Amino Acids on Growth 

Both F. oxysporwn var. lycopcrsici and P. roqueforiii can utilize 
most of the amino acids for growth (Tables I and II) . The linear growth 
of the Fusarium in agar media is a straight line function of time, ex- 
cept for a slight lag during the first twenty-four hours. A similar lag 
occur.s in the dextrose media, which contained the same carbohydrate 
as the inoculating disc, indicating that this lag phase is not duo to 
the use of amino acids or to a readjustmciit^pf the, enzyme systems to a 
different typo of medium. The linear growth rate of this fungus over 
a period of more than twenty-one days showed the absence of any 
“staling” products of either dextrose or amino acid motabolism. 

A quantitative study of the efficiency of the various amino acids in 
furnishing cai'bon to the Fusarhm revealed marked differences in the 
growth-supporting capacities (Table II). The Fusarium produced the 
greatest amount of mycelium from d,I-j8-phonylalanine, /-prolini*, valine 
aud ?-hdyroxy})rolino, whose growth-supporting capacities were mostly 
greater than 1 hat of dextrose. On norlcucine and d-lysine only a trace 
of mycelium was produced. The other amino acids were internu'diatc* 
in this M'S!)!'!*!. I'lu* most rapid linear growth occurred on Wustidiue, 
valiiu*, norh'uciiie, d-lysine and <lextros(‘, wliile (he densc'st atTial hy- 
phae were produced on f/,/-]>h<'nylalauin<', (/./-leucine and /-iiroliuc. 

(Itirboii Pontcut of the Amino Acids aud Growth 

it is apparent that differences in tlu* arrangenu'nt of (,h(* carbon 
atoms in iihe molecule w(‘rc not tlw* primary fac<,ors in detc'rmiuing 
the availability of the amino ac.ids as a carbon sourc<‘. Oompounds 
such as phenylalanine, which confciins a ciirbocyclic ring, allowed 
more rapid growth than the aliphatic compound leucine (Table II). 
Some of the straight chain aliphatic compounds, in turn, were better 
than one of the heterocyclic materials, histidine. The percentage of 
carbon in the molecule appeared to bo a more important factor in 
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(l(*<orniiniug the avtiilability of uii amino acid. Wlieii the amino acids 
wore ai‘ranf2,od in a sorios a<*cordinj^ to their ])ercoutage of carlDon, and 
the i;nAvth of the P'la^an'um on each amino acid was placed alon£>side 

TABI.K I 


Growth of Two Fungi in Amino Acid Media and Their Fffcit on * 
the pH of the Sohdiord 


Ammo A(‘ul 

\d lusted 
pil 

GiowlU of 

F. on/spoi urn 
vai. 

hfiop&aiLt 

Final pll 

Gtowlh of 

F. loquejortu 

Final pi I 

Check (no ciirbon) 

6.0 

None 

G.l 

None 

6.0 

d, 2- Alanine 

6.0 

+++ 

8.1 

+++ 

8.2 

jS- Alanine 

5.6 

+•+ 

8.6 

+ 

8.2 

</- Arginine hydi ochloi ide 

6.0 

++ 

8.1 

+++ 

8.3 

/-Aspartic acid 

6.0 

+-+ 

6.0 

+ 4* 

7.1 

Cysteine liydrochloi id(‘ 

0.0 


6.0 


6.0 

'Cyatiiu* 

6.0 


(i.O 


6.0 

ne\tios<‘ 

6 0 

+++ 

6.1 

+ + + 

r,.o 

< JliK'osanune 

6.0 

+++ 

- 

++ 


d-CUutamic acid 

6 0 

+++ 

9.1 

H“ + 

7.5 

Cflycinc 

6.0 

+++ 

8.7 

+++ 

7.S 

/-Histidine 

0.0 

++ 

6.6 

++ 

6.4 

d,/-Ijeucine 

6.3 

+++ 

8.1 

+++ 

8.0 

d, /-Methionine 

6.0 

- 

0.7 

-- 

6.3 

Nucleic acid 

6.7 

++ 

6,5 

++ 

6.3 

<y,Z-i3-Phenylalanin<* 

6.3 

++++ 

7.5 

+++ 

7.5 

/-Inline 

5.6 

++++ 

8.1 

+ 

7.5 

(/,/-l:^<n’ine 

0.0 

+++ 

8.1 

+++ 

7.4 

Sodium asj>ariiginat(* 

6.0 

+++ 

8.6 

+ 

5.6 

/-Tryptophane 

6.0 

++ 

6.0 

++^ 

6.7 

"/-Tyrosine' 

6.3 


7‘5 


7,1 

Valine* 

6.1 

+++ 

6.8 

+ 1- 

6.6 

(/reatifiiiK* 

6.0 


6.3 


6.2 

Creatine hydrati* 

6.0 


6.4 


6.1 

Crealimno-hglucow* 

6.0 

+ -I-H- 

5.8 

f-t f 

5.7 

(hvat ine hydrate +glucow‘ 

6.3 


6.3 

-1-++ 

6.0 


1 Clashes for product ion of inyct^lium lange from H- to +-I- + + . 
* ThcM‘ compounds w<^re insoluble in Hichaids solution. 


the (‘arboi^ntent, the amount of mycelium produced by the organism 
generally followed the same order as the percentage of carbon in the 
mole(*ul(i (Table II). Home discrepancies, however, did occur. The 
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timount of gi'owth on tiyptophanc and Iciiciup was much Ic'kh than 
would bo expected. On proline it was too Rreat, while ‘>*i kIw- 

tamic acid was also a bit low. Although the amount of mycelium iu- 
crcaflcd with increasing percentages of carbon, no direct ])roport iouality 
between the carbon content and the mycelium wtis evident. These 

TABLE II 


Quantitative Studies of Growth of Fusarivm Oxysporurn vat\ lycopetsia 
with Various Amino Acids as a Source of Carbon 


i 

Amino Acid 

1 

Peroentagp 

Carbon 

Linear Gi owtb 
ui inm. 

Donwty of 
Mycoimm ^ 

ConipcMito Hat- 
ing of Cin>wlh ' 

Phcnylalanino 

66.41 

86.0 

rv 

341 

Z-Tryptophano 

64.67 

77.7 

III 

233 

f7,i-Loucinc 

64.92 

(J1.7 

IV 

216 

Norleuciiie 

54.92 

02.3 

i.r. 

tr. 

i-Prolino 

52.14 

82.7 

IV 

330 

Valine 

51.24 

01.3 

ITI 

273 

Ulydroxyprolino 

45.77 

89.3 

III 

267 

(f-Glutamic acid 

40.80 

71.5 

UI 

2U 

Alanine 

40.42 

75.6 

III 

226 

iS- Alanine 

40.42 

72.5 

in 

2X7 

Dextrose 

40.01 

90.0 

in 

270 

^•Histidine hydrochloride 

37,68 

100.0 

11 

200 

J-Aspartic acid 

36.07 

86.0 

ii 

170 

djZ^crine 

34.27 

80.0 

II 

160 

d-Arginine hydrochloride 

34.26 

71.3 

II 

142 

cW^ysiiM' clihydrochlorido 

32.87 

01.5 

tr. 

tr. 

Cilycino 

31.98 

70.0 

It 

140 

i:^)dium asparaginato 

31.17 

70,0 

I 

76 

('lK*<*k (no carbon) 


0,0 

0 

0 


U)onttily watt raW from I, donoUng a sparw^ m^rial hypluus to IV, (l(‘noiinK a 
heavy, almost opaciue, aerial mycelium. 

* Composite ratinas wore obtained by multiplyinR linear growth by the density. 


discrepancies in order of growth and the lack of proportionality of 
mycelium to per cent carbon might be due to errors in judging density 
of the mycelium. Another important factor could bo the efficiency of 
the different isomers of an amino acid in suppoi'ting gi'owth, since 
some of the amino acids used were the naturally occurring isomer 
while others were racemic mixtures. 
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Lysine and Norlcucine 

The Fvsanum grew very poorly on lysine and norlcucine (Table II). 
Only a few widely-scattered appressed hyphae wore prodiiccd, so that 
the mycelium was barely visible to the naked eye. Nevertheless, the 
linear growth rate of the hyphae on these acids was very rapid, sur- 
passing that of most other compounds. The scant growth of the fungus 
on these two amino acids is puzzling, since their structure is relatively 
simple and is similar to other amino acids which wore readily 
assimilated. 


('Ht- -(’Hi- CII2— (!Hi— CII(NHs)(Jt)OH 
Noileucme 

( 'll ('II(C'II,)CHj -CH(NIIi)(’(X)ri 
Ijcucmo 

N IbCIIi -Clli-Cri/— CHi -(’IICNlTilCOOH 
Lysine 

ILN O(Nri)— Nn-CIL-t'Hi -(’IIr-(’H(NH.)('()OII 
Aiglnmc 

Norlcucine is a stereoisomer of leucine and the two compounds 
differ only in the position of one of the carbon atoms. Norleucine has 
all six carbons in a straight chain whereas leucine has five of the car- 
bons in a straight, chain and the sixth constitutes a side chain. Lysine 
is believed to be a precursor of arginine (6), an amino acid which sup- 
ports gcxKl growth. It differs from arginine by having six carbons in a 
straight chain while arginine has only five such carbons. In addition 
lysine has an amino group on the last carbon, whereas arginine con- 
tains a guanidine group in that position. An examination ol the 
structure of uorhnicine and lysine reveals that they havt* om* feature 
in common, they are both six-<!arbon btraight chain compounds. It is 
conceivable that the fungus might not be able to assimilat.e six carbon 
straight chain amino a<*i<ls. Additional evidence tor this explanation 
can be adduced from the studies of Nielsen (9) on the utilization of 
amino acids by y<‘iist as a source of nitrogen. He reported that rf-lysim* 
and d,Miaminoadipic acid, which contain six straight chain carl)()ns, 
were only 1% assilimated by Haccharomyces rercoisiac and that d,l- 
diamiuopimclic acid, a seven-carbon acid, was not assimilated at all. 

Th6 ability of Fusarium oxysporim var. lycopersici and P. roque- 
forlii to grow on so many divei'sc amino acids might indicate that those 
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fuiiRi poHsoss a variety of enzyme's necessary to carry out the (ieRratla- 
l.ions and oxidations of the compounds. Even the ring structures ap- 
jX'ar to 1)0 attacked and furnish carbon for growth and energy. t‘oni- 
pounds Hueli a^ydroxyproline in which of the carbon is in the 
pyrrole nucleus arc, nevertheless, good sources of carbon. It is not 
known whether the amino acids are first converted to glucose, as in 
the animal body (1), and then oxidized, or whether they arc oxidized 
directly as in the case of the fatty acids. In either case the first step 
could be the hydrolysis of the a amino group and the substitution of 
a hydi'oxyl or keto grouping. Ehrlich (4, 5) showed that in media 
deficient in any other forms of nitrogen, some fungi will obtain their 
nitrogen in this manner. 

HulfuM'ontaining Amino -InV/s 

"I’hreo sulfur-containing amino acids were tested for their abilily to 
furnish carbon for F. oxyaporum var. lyeopnnici and P. roqucforlii 
(Table 1). Methionine dissolved readily in the Richard’s solution but 
cysteine hydrochloride remained in solution only occasionally aii a 
pH of 6.0. Cystine hydrochloride, on the other hand, always came out 
of solution at a pH above 2.5. Nevertheless cystine wjis included in 
the study because fungi sometimes have the ability to solubilize com- 
pounds during the process of germination and gi'owih. No growth was 
observed with any of tho throe sulfur-containing amino acids in these 
trials. Bix different fungi were then usexl in similar experiments with 
methionine alone. They were AUernarin nolani, IIclmintfwHporium 
salivinn, iihizoctonfa sohni, Fumriiim moniliformc, (Uiariomium yhho- 
mm, and Anjicrgilliiis niyvr. None of these fungi produced mycelium 
in the methionine. ine<lia. The inability of all 8 fungi lo metabolize the 
sulfur-containing amino acids indicates lhati the absence* of growth 
was due to the Jiatuw* of the i)artie,ular amino acids and not to a ehanco 
peculiarity of the organisms originally used. At least, two ext)lanations 
of these rc'sultw are possible. (I) That methioniiu* and cysteine w(>ro 
toxic to fungi in the concentrations at which t.hoy were toHt<*d, and 
(2) that such amino acids cannot be tujsirailated by some fungi. To 
determine which explanation was more plausible, a series of experi- 
ments was conducted with the 8 fungi in which the methionine media 
were first inoculated with the organism and incubated for 14 days. 
Sufficient dextrose was tlicn added to the media to make a concentra- 
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tion of 0.5% and the solutions wore sterilized by moans of a Seitz 
filter. The media wore then roinoculatod and growth observed. Vigor- 
ous mycelium was obseiwed in all tu)>es on the third day and a heavy 
mycelial mat was formed by the seventh day. Thus, the inability of 
the fungus to utilize the sulfur compounds could not have boon due 
to any toxic effect of the amino acids on the fungi unless the dextrose 
subsequently inactivated the toxin. The results indicated that most 
probably sulfur-containing amino acids are not metabolized by these 
organisms. 

The lack ot any growth in media containing the sullur-amino acids 
might be due to the inability of the fungi to split the sulfur-carbon 
bond, since compounds very similar to those amino acids arc readily 
available to the fungi. Alanine, on which the organisms grow rapidly, 
resembles cysteine which does not support growth. Both are three- 
carbon straight chain compounds and differ only in the presence of 
the sulfhydril group on the carbon of cysteine. Similarly leucine re- 
sembles methionine in having a five-carbon straight chain while it 
also differs by the presence of a methyl side chain on leucine. 

Related Compounds 

Creatinine and creatine hydrate, which can be metabolized by dc- 
tinomyedes as a source of nitrogen (12), was not utilized by the Fu- 
sarium and Penicilhum for their carbon requirements (Table I). 
Neither compound is poisonous to the organisms for, when dextrose 
was added to these materials, the fungus produced an abundant my- 
celial growth, (llucosamine and nucleic acid both furnished carbon for 
fungus growth. 

Amino Adds as tiole Source of Both Carbon and Nitroycn 

Four amino acids and glucosamine were tested to deteimino whether 
they could b(' used by tlu' fungi as the sole source of both carbon and 
nitrogen. The inorganic nitrogen salt was, therefore, left out of Rich- 
ard’s solution in those experiments. F. oxysporum var. lycopersid grew 
rapidly on all five compounds, glycine, valine, aspartic acid, arginine 
and glucosamine. P. roqueforUi grew poorly on valine and pi-oducerl 
only a trace of mycelium on glycine, while profuse mycolium was 
produced on the remaining materials. 
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Amino Adds and the pH of the Media 

The growth of the two fungi tended to increase the pll of the amino 
acid media and usually the higher pH values were associated with the 
media on which more rapiil growth occurred (Table I). Increast's in 
pll from ().0-8.0 were frequent though oven more alkaline reactions 
occurred in solutions of glycine, aspartic acid, glutamic acid and 
sodium asparaginate. No relationship between the acidity of the amino 
acid and the final pH of the media was apparent. For example, a 
greater alkalinity was produced by the Fusarium from the acidic 
compounds, aspartic and glutamic acids, than from the basic com- 
pound, arginine, while, with the Penidlliim, the converee occurred. 
The metabolism of dextrose by both fungi did not bring about any 
increase in pH. The production of basic materials in the amino acid 
solutions is in accord with the investigations of Dimond and Peltier 
(3) who suggest that the ammonia produced by the hydrolysis of the 
amino group is not assimilatecl^as rapidly as the acidic elements. 
One would then expect that solutions of arginine which contains two 
basic nitrogen gi'oups would become more basic than compounds hav- 
ing only one amine group. However, no such simple relationship seems 
to exist. 

SUMMABY 

Twenty-one amino acids and four related compounds were tested 
as a source of carbon for the growth of two fungi, Fusarium oxysporum 
var. lycopersid and Penidllium rogmfortii. The fungi utilized seventeen 
of those compounds for growth. 

Very little mycelium was produced from the six-carbon straight 
chain amino acids, norleucine and lysine. 

The sulfur-containing amino acids, cysteine and mcithionino, did not 
support tho growth of the organisms. The absence of growth was not 
duo to any toxic effect of these amino acids. Creatinino and creatine 
hydrate also were not metabolized by the fungi. 

Glucosamine was a very good source of carbon while nucleic acid 
furnished only moderate amounts for growth. 

The fungi produced an alkaline reaction in tho amino acid media. 
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Additional and Corrected Data on the Respiratory and 
Fermentative Activity of Yeasts Containing 
Stored Reserves 

Carl C. Lindegren 

From The Ilmty i^haw School of Botany j Washington University, St, LouiSj Mo, 
Received D(»cemher 31, 1045 

In a recent paper in these Arciiives (LindcKten, 19 15, Table II, pa^e 133), I 
reported on the respiratory and fermentative activity of yeast (‘ells containing 
visible (leposits of fat and gly(*og<‘n as compai*ed with tlu' activity ot cells without 
visible reservea. Unfortunately, the calculations of the values were found to 
be in error. IIow<‘ver, the original data were still available and wen' re(‘al(*iibi1ed. 
The rccalculat(‘d data ajipt'ar iti Table I. In addition, the corrected value of CJco* 
for culture (155 X EMI A) is 19 instead of — il as shown on pjige 125. 

The yeast for these experiments was o])tained by inoculating 50 cc. of nutrient 
broth containing 1% glucow' in 500 ec. Erlcumeyt'r flasks with a heavy suspension 
of yeast. About twenty hours later observations showi'd no budding and no dead 
cells. Two bakers’ yeasts (S. rcrevisiae^ R and U) and a hybrid (S, cerevisiae by 
S, glohosus) were used. Th(* contents of some Erlenm('y(*r flasks were poured into 
8X1 inch tubes to a <lei)th of about t inches (30 cc.) and sufliciont 60% glucose 
sf)lution added to nmk<‘ tlu' total concentration 4%. Th(‘s<' cultures wert* grown 
without shaking to pro<luce <*<mditions favorable for glycogt'ii syntlu'sis (sampk's 1, 
2, and 3, Table I). In a w'cond sc'ries, the sugar, suflic'ieni to pnxliu't' a total of 4%, 
was added dire(*tly to the Erleunieyi'i* fltisks which wen' tilu'ii plac(‘d on a siiaker, 
to produce eonditions favorable for fat Kynthesis (saniph's 1, 5, and 6). Tests with 
E(‘hling's solution were niad<» and sugar addo<l us neci'saary to botli st'ries. Micro- 
scopit' examinations w<‘r(' also made to olisorve the deposition of glyc'ogon and fat. 
Wlu'n additional sugar was added, budding began again, indicating tlmt some of 
the addc<l sugar was used for furtiw'r growth, Aft(‘r forty-<'ight h<mi*s, hmhling had 
(‘eaH('d and the tliroo yeasts grown in 8 X 1 inch lulu's had a(‘c\unulated glyc/)g('u 
in 100% of the cells. The sliaken culttires were all found to contain fat by micro- 
scopic observation, The pH of the broth in the shaken ('ultun' was 8,1 mid of tlu' 
tubes 4,3. Under heavy aeration tlie yeasts consume acids; while umk'r anat'robic 
conditions acids are formed more rapidly than they are consumed. 

The respiratory and fermentative activity of the cells containing 
stored rosei’ves can be compared with the activity of cells without 
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stored rosorvcN from another experiment. These latter cells were 
prcparcKl in aerated broth and collected before either glycogen or fat 
had been deposited (sec Table III). The Q vahie.s of these yeasts 
without visiJdc deposits and with glucose as added nutrient were: 
Qo, 10-137, Qot, 160-‘132, 241-308. The low Qo, value probably 

indicates that this culture contained dead cells. 

The percentage of protein was calculated on the basis of the total 
nitrogen analysis. The cells without visible deposits contained about 
55% protein. The cells with visible fat deposits showed approximately 
the same protein content revealing that they contained relatively 
little stored fat. However, the protein content of the cells containing 


TABLE I 

Respiratory mid Fermentative Activity of Yeast Containing Visible 
Deposits of Fat and Glycogen 


Visible 

Deposit 

Sample 

Ciiltuio 

Pioiein 

Qo^ 

QrOj 

^co 


Qh'o (N) 

dfo-CN) 

Glycogen 

1 

R 

33.2 

0 

63 

116 

0 

1178 

2187 

Glycogen 

2 

OXGII 

38.7 

62 

156 

117 

840 

2520 

1885 

Glycogen 

3 

u 

33.5 

47 

82 

83 

880 

1523 

1550 

Fat 

4 



IQ 


322 

850 



Fat 

5 





377 

1353 

5340 


Fat 

m 





261 

1565 

1881 

3261 


visible glycogen was about 35%, indicating a large accumulation of 
stoi-ed glycogen. 

The centrifuged cells were washed with Af/15 ph()si)halc and placed 
in Warburg vessels containing 4% glucosc!. The inspiratory and 
fermentative activity were determined and tlu' figures in Table I 
allow that the accumulation of glycogen caused a considerable deoreasi' 
in (Joo,> Qo, and (Jeo, values. The rather conspicuous fat deposits, 
however, did not interfere seriously with either fermentation or 
respiration. 

Additional data on respiratory and fennentative activity of cells containing stored 
reserve material were obtained in the following experiments. A 1% glucose broth 
was prepared with half the standard amount of nutrient broth to insure the early 
cessation of growth and more speedy storage of ix-sorvc materials. Fifty cc. of broth 
in 600 oe. Erlenmcyer flasks were inoculated and shaken for forty-eight hours. The 
suspensions of cells from some Erlenmoyers were placed in 8 X I inch tubes to 
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favor the dcvolopmcnt of glycogen, while the remainder were kept on the shaker 
to favor the development of fat. Tests with Folding’s solution wer<‘ made to determine 
when the sugar disappeared and sugar was added as soon as a defieieney was indieatc'd. 
Phosphate wjis also added, since this is known to inoreasc' the deposition of both 
fat and glycogen. The addition of sugar was continued for four days. 

The same three cultures were used, two standard baking yeasts, 
strains U and R (*S. cerevisiae), and a hybrid {S. cerevisiae by S. 
glohosics). Strain U stored both fat and carbohydrate relatively 
uniformly, as indicated by microscopic examination. Strain R stored 
carbohydrate well, but the accumulations of fat were irregular and 
the fat-containing culture was discarded. The hybrid stored fat in 
large clusters of extremely tiny granules approaching the limits of 
visibility. The cells appeared to be crowded with stored materials, 


TABLE II 

Chemical Analyses of Cells Containing Visible Deposits of Fat and 
Glycogen Compared to Normal Cells 


Culture 

Visible 

Deposit 

Protein 

Fat 

Ash 

Carbo- 

hydrates 


None 

61.3 

4.83 

8.48 

25.4 

U 

Fat 

25,0 

31.26 

5.22 

38.5 


Glycogen 

31.9 

16.90 

6.33 

45.7 

C XGII 

None 

54.4 

.17 

9.29 

36.1 

Fat 

39.9 

6.16 

7.09 

47.3 

R 

None 

63.8 

7.47 

9.15 

29.6 

Glycogen 

31.9 

5.24 

5.22 

57.7 


but chemical analysis (other extraction) revealed that only 6.16% of 
fat was present. The hybrid stored carbohydrate poorly. Nitrogen 
anjilyses were couvertcil to protein by multiplying by the factor 6.25 
(Table II). The sample was aahofl, and the differenco was calculated 
to bo carbohydrate. 

Manoraetric analyses were ituule on (‘.ells containing no visible 
deposits and compared with those made on cells containing deposits 
of glycogen and hxt. ''Ihe results are shown in Table 111. When a 
constant rate of oxygen consumption or CO 2 evolution was reached, 
the ^xfrve was extrapolated to the a>axis to determine the lag period. 

, the absence of com-steep water, maximal activity was attained 
Y/i a short time, thirty minutes generally; however, in the presence of 
com-steep water, an hour or more was usually required to attain a 
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TABLE nr 

I'hi bfjcd of Stored R(i>(iv(s on Nc^pitaloitj anti Ftnmnitiliut of 

Cells in Dijfeieni Nutnint Solutions 


\isibl( 
Dc posit 


NvitiM nt AUdfHl 
to W u bill PC \css<l 



Lag 

Qo 

m 

Mm 


Qco 


r »« 


<r<) 




(in (N) 


Cult 111 0 U 


None 

Glu. 


0 

160 

0 

276 

0 

102 

1631 

None 

Gill 

137 

5 

348 

0 

284 

0 

1400 

3650 

(IK 

\ OIK 

88 

5 

88 

5 

0 


1725 

1725 

Gl> 

CS^^ 

160 

60 

133 

55 

0 


3140 

2610 

Gly 

Bi. 4- Pan 

0 


0 


« 


0 

0 

I*"at 

None 

12 

10 

32 

15 

0 


10,50 

800 

Fat 

csw 

85 

50 

78 

42 

0 i 


2120 

1950 

Fat 

Bi. 4 Pan 

33 

25 

30 

25 

0 1 


825 

750 

Gly. 

Glu. 

0 


36 

0 



0 

706 

Gly. 

Glu. 4 OSW 

121 

10 

1240 

100 

1 


2430 

24300 

Gly. 

Glu. 4 Bi. 

0 


21 

0 


! 

0 

412 


4 Pan. 









Fat 

Glu. 

31 

5 

13 

0 



775 

1075 

Fat 

Glu 4 CSW 

77 

60 

530 

130 



1925 

13250 

Fat 

Glu 4 Bi 

32 ! 

0 

28 

0 



800 

700 


4 Pan 










Cuiuno V X on 


C/ulturo II 


None 

Glu. 

83 

0 

"370^ 

5 

'278^ 

None 

Glu 

109 

5 

432 

5 

290 

Gly. 

None 

0 


0 



Gly. 

CSW 

205 

97 

191 

115 


Glsr. 

Glu. 1 

38 

43 

174 

127 


Gly. 

Glu. 4 CSW 1 

259 

183 

938 

220 



12C6 


5010 

0 

3740 

3410 

18400 


Abbreviations: 


Bi — Biotin 

C-?SW — Corn-Steep Watoi 
Glu.- Glucost» 


2S20 

2900 

0 

0 

0 

0 

0 

0 


None 

Glu 

60 

0 

421 

5 

1308 

0 

OOO^ 

4840 

3540 

None 

Glu 

71 

0 

377 

10 

241 

0 

m 

1330 

2770 

Fat 

None 

20 

60 

11 

00 

1 

0 

413 

175 

61 

Fat 

(W 

40 

80 

30 

30 

8 

0 


470 

127 

Fat 

Gltx 

10 

70 

35 

0 

34 

0 

254 

555 

540 

Fat 

OIu +(’KW 

17 

0 

97 

15 

328 

8 

270 

1510 

5200 


9(il I 1300 I 3230 


3170 


Gly (^ilyoogou 
Pan. Pantothemo Acid 
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coiihtaiii maximal activity although consumptioii of O 2 and evolution 
of C 02 began at a low rate almost as soon as readings were taken. 
When a full nutrient was used, growth of the yeast occurrod so that 
the simple fermentative or I'espiratoiy activity was not being I'ecorded, 
ami the Q values have no precise meaning, for the amount of yeast 
ill the vessels inereased. However, the data are recorded, for, when 
they are considered along with the long lag period, they indicate that 
the inhibiting effects of the stored reserves have been overcome and 
normal growth has stai-ted. 

The manomctric tests of the controls (tests on cells without reseiwes) 
were made with 4% glucose in the Warburg vessels and the average 
values of Qoi^QSo, wore 79:351, which is noimal for cells free of re- 
serves, i.e., for standard bakore’ yeast as it is ordinarily prepared. 
Comparable tests on the colls with either stored fat or carbohydrate 
(also in 4% glucose) gave average values of about 21:72, indicating 
the resolves inhibited resiiiration. This is further confirmed by a 
calculation of the activity based on the total nitrogen rather than on 
the total diy weight. 

These average values, as well as the data in Table HI, must be 
considered as indicating tixsnds mther than precise values for it was 
not possible to run all the tests at the same time and some changes 
of the yeasts may have occurred while they were stored in the cold 
room. Furthermore, although a manufactured bakers’ yeast can be 
produced from day to day, year in and year out, with a highly pre- 
dictable range of Q values, when yeasts are grown in small batches 
in a laboratory they arc usually quite variable. The present experi- 
ments indicate, of coiuw, that the principal factor in this variability 
is the resolves. However, it is quite difficult to get exactly the same 
amount of reseives in two cultures made on different days. Although 
the general tendency of tilie I’cseives lo reduce ri'siiiraiiory and fer- 
mentative activity is (iuit<* clour, it is (piite another thing to devise 
experiments in which precisely the same amount of reduction of 
activity will be attained. Minor fjw'tors, such as the amount of in- 
oculum, can change this very givatly. For these reasons the data in 
Table III cannot be analyzed too rigidly but must be merely used 
to indicate trends. 

Table III reveals that the R.Q. of cells with stored carbohydrate 
was usually about unity when tested in the absence of substrate. 
ITiis observation confirms the findings of Stier and Stannard (1935a, b; 
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Pl<3. 1 

Yoasi Cells C’ouiaimnf? Clycogen After Two Ilourn in a Waibuig V<*Hhel 


1937) and Spicgelmaii and Nozawa (1945), who reported that intJK^t 
yeast cells oxidize, rather than ferment, their carbohydrate reHervcB. 
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Sjriogcinian and Nozawa studied six strains of yeast and found that 
the average Cio/.QSoj^^o, iQ glucose in a Warburg vessel was 
78:21(5:288. In the absence of glucose the values were respectively 
27:27 :0. They grew their cultures for forty-ciglit hours in 8% glucose 
broth without shaking and under these circumstances visible glycogen 
is usually deposited in the cells. When cells without visible reserves 
are tested manometrically in the absence of substrate, the values 
are 0:0:0. 

The data in Table III show that an accumulation of fat reserves 
may reduce the values in the presence of glucose from around 
250 to about 30 and we have made observations on other cultures 
with .stored glycogen which show that the ability to ferment external 
substrate may bo reduced to zere. 

However, visible glycogen does not always reduce the value of 
zero. When glycogen is stored in the cell either in the foim of one 
large granule or in the form of numerous small, well-dispersed granules, 
the (^o, value in thp presence of external substrate may be over 2(W. 
Fig. 1 shows the accumulation of glycogen in cells removed from a 
Warburg vessel which has been flushed with nitrogen and which 
contained 4% glucose buffer solution. The cells arc stained with 
iodine and the loosely-packed dark material is glycogen. These cells 
are feimenting actively, showing clearly that loo.scly-packod glycogen 
did not inhibit anaerobic fermentation of external substrate. This 
amount of glycogen was deposited in less than two hours. 

Cells containing stored 'fats oxidize the fat reseives with an R.fJ. 
of loss than 1 . 

Biotin (2y/l) and pantothenic acid ( 2007 / 1 ) wore added iio some 
of the Warburg vessels as indicated. Ajjparently biotin was unable 
1.0 overeome the inhii)i1ory efft'cts of llu' ac<‘umula1ed re.s<‘iv(‘H. 
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Intuodoction 

The stimulatory effect of sodium acotak' on growth of lactic acid 
bacteria was fiivit demonstrated by Snell et al. (1). These investigators 
suggested that, in addition to its role as buffer, sodium acetate may 
have a specific function concerned Avith the initiation of growth (2).’ 
Since these early observations acetate has been included routinely in 
media used for microbiological assays for vitamins and amino acids 
employing lactic acid bacteria. 

Experiments described below indicate that acetate may nerve a 
dual purpose in media, (a) that of buffer, to prevent the lactic acid 
formed during growth from lowering the i)H of the medium to toxic 
levels, and (1)) an unknown function, concerned with the production 
of early and luxuriant growth. The purpose of this investigation W£is 
to elucidate this ut»known function. 

As one approach to the problem, substances reportedly fomicd from 
acetate or capable of degradation to acetate were tested for their 
jibility to duplicati' the, growth effect of acetate for various ropre- 
sentativ*' organisms of tlie lactic acid group. 'rh<* results of thes(> jissjiys 
and others in which many related compounds were tested provide' 
evidence indicating a probable role for acetate in the synthesis of 
lipoidal mat('rialH by lactic acid bacteria. 

* Present address: Department of Biochemistry, Univormty of Wisconsin, Madison. 

* Oilicrt (3) rcoontly demonstrated the accelerating offoot of sodium acetate on 
growth of pm'viraocoora anrl eoncludt'd that this effect was not due (0 a buffering 
action. 

361 



3G2 


JB. M. aUIKAUD, E. E. SNELL AND Ji. J. WILLIAMS 


rOxPERIMENTAL 

Test Organisms. Tho hpocicH of lactic acid bacteria iihcd in this invest if!;atit)n were; 
LactolmviUus easet\ Ijartohoi'illus arahinosns 17-5, iMelobacillus acidophilus and, l(‘ss 
froqucutly, t^treptocorcus lactis 125 and iMctobacilluH pentosus 121 *2. 

Testing Proved un. An accUile-frcc, ph<)sphaU‘-buflFt‘rcd m(*diuin was uh(h 1 for all 
tests. Tlic composition of the double-strength medium is given in Table I. 

TABLE 1 

Aeeiaie-Free Basal Medium 


Hydrolyzed cjiseiu^ LO g. 

Potiissiuni <lihydrogeu phosphate 0.5 g. 

/-Tryptophiine 5.0 ing. 

t-Cystino hydrochloi-ide 20.0 ing. 

f-.\sparagin(‘ 20.0 mg. 

Salts Aj 1.0 c(‘. 

Salts BJ 1.0 cc. 

Ad(^nin(‘ sullate 2.0 mg. 

(luanin<* hydm<*hloride 2.0 mg. 

Uracil 2.0 mg. 

Thiamine hydrochloride 20.0 7 

Calcium pantothenate 20.0 7 

Riboflavin 20.0 7 

Nicotinic acid 20.0 7 

p-Aminobeiizoic acid 20.0 7 

Biotin O.IO7 

Inositol 10.0 7 

Pynti<>'^in<‘ liydrochlorideg 2(X) 7 

Kolic Acid concent rat (*|| 20.0 mg. u. 

(ilucose 2.0 g. 

Adjust to pU 0.5 

Distillcil watfT to KM) cc. 


Vit4imin-fr(‘t‘ Ijabco (Vis(‘in was hydrolyzed with hydrochloric nci<l according to 
the proc(‘duix‘ d(‘Hcril)(vl in The Univemty of IVxas Publication No. 1137. Th(' hy- 
drolyzate wiis prt'served und(*r l(»lu(*ne and lr(*at(‘<l again with <*barcoal (1 ()','<') Darco 
G-00) at pH 3.0 iH‘for(» incorporation into the medhim. 
t Salts A contained 25 g. each of KILPOj and KdlPOi i)cr 250 cc. of solution. 
t Salts B contained 10 g. of MgS()4-7H2() and 0.5 g. each of Ve^)r7\Uih MnSC), 
•4H2O, and Nadi jku* 250 cc. of solution. 

§Por L. arahinosus, the replacement of pyridoxin(‘ with 0.1 7 pyridowiiim* di- 
hydrochloride per 10 cc. of (‘ultun' medium w*Hulted in a l)t‘tt(‘r growth n»Hj)onH<‘. 
A solution of pyridoxamine dihydrochloride (100 7 per cc.) hIokmI in th<‘ ivfrigerator 
was stable for aov(jml wc*(*ks. 

11 *Totcncy 3100” --Mitchell, Snell, an<l Williams (4). 



LACTIC A(^ID BACTERIA. 1 


363 


It Wilh found eonvonicnt to coinbiue the purinos and pyrimulin(‘s into one solution 
and tlio vitamins into anotlu'r. Those solutions wore stored in the rofriftorator and 
the vitamin supploinont ivnt'wod i‘aeh month. The remaining* components of the 
medium, with the oxcoptioii of filucosc^ which w^as added just prior to pipottiuft the 
medium into assay tulH‘s, woi’o combined into another solution. The latt(*r solution 
was prea(‘rved by steaming for 10 minutes after withdrawal of aliquots. 

The testing procedure is essentially that described l)y Snell and Wright for nico- 
tinic acid (6). The standard is made up of a series of tubes containing sodium acetate 
in the following ranges for the various organisms: 1.0 to 10 mg. for L. casei and 
L, acidophiluSf 0.1 to 1.0 mg. for L. ambinosus, S. lactis and L. pentosus. Neutralized 
solutions of the substances to be tested were similarly added to the medium in graded 
amounts and the gi'owth promoting activity, if any, compared to that of acetate. 

When the materials tested were waten-insolublc, appropriate solutions in ethanol 
wore addeil to the double-strength basal medium, which wjis tlien diluted to th(‘ 
proper volume (10 cc.) with water. This proecKluro materially less(*ned the timdency 
of the water-insoluble materialb to .separate from the t(‘st medium. Tn only a fi^w 
eases was vibible turbidity of the medium produced by addition of such samples; in 
th(‘se east's appropriate uninoeulatod controls wert' carried to pi'iinit differentiation 
of turbidity due to sample and that duo to growth of tlie test organism. Tn doubtful 
eabt's, extent of growth was dt'lermined by plate counts, or acidity measuri'ineuts 
\^ere made in place of* turbidity measurements. In all cast's in which alcohol wtis 
added to the test medium, it was detcnninetl by separate tests (hat the amounts’ 
used wi're without effect* on growth of the test organism. In general, additions of 
alcohol grt'ater than 0.2 ec. per 10 ce. of medium proved toxic to t.ht' test organisms 
and wen' not employed. 

Wh('n heat -labile; or extremely volatile compoumls, or substaueoR which were 
liki'ly to react with components of the medium during heat sterilization were tested, 
these wen' added aseptically to tlic appropriately diluted medium after the test luid 
lK'(‘n autoclav(*d and cooltxl. Kolutions of water-solubk' compounds won' sti'rilized 
by filtration. 

WIk'u L, arahhmus was uscxl as the test organism, one drop of a bandy visible 
HusiK'nsion w'as us<‘d to ino(‘ulai(' each assay tube. For ('ach of tlu' rc'maining lest 
organisms, tlu' di'iisity of the ino<*uIum muployed was roughly t('u times that used 
with U arahinoHUH. L, cam was incubated at 37°(\ for 15 to 24 hours, L, acidophilm 
at ih(' sanu' (('inpi'raluro for 24 liours. L, arabhmuH and aS'. lactfa wore incubated at 
30 33‘*(\ for a period of 15 to 24 hours. 

M e(mir( me nis of Growth Henporme, (Jrowth n'sjionsi' was follow(‘<I turbidimetri- 
cally or ai'idimetrically and there was a c1oh(' corresiiondonee Ix't wei'ii n'snlts obUined 
by I lie two methods of measuromont. As the (guintity of aciil produced by thesi' 
organisms during an incubation period of 2t hours is not appreciable, growth n‘- 
spons(' was for the most, part measured turbidimetrically. The instrunK'iit used was 
set. to read zero with distilled water and 100 when no light was U’ansmitted. 

A curve n'lating galvanometi'r reatiings to dry weight of cells was constructed by 
making st'rial dilutions of a cell suspension of known weight per unit volume (ob- 
t aim'd by determining dry weight of an ali<iuot). The <lry wi'ight of et'lls corresponding 
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to a fiivon turbidity produced in rospouhe to a (oHt Mibslauro could (lion bi* obtainiHl 
by referrinft to I ho curve. 

Factors Affecting Growth Response, The time in which niasiinuin j»rowlh nsspcmw' 
to afimulatory materials was oiitaincd with any >^iv(‘n orj»anism varii'd ov(‘r a ra(lu*r 
wide rauKO and was affected by the size of the inoculum, th(‘ natun* of IIk' (t'st sub- 
stance, and by other faefom yet unknown. 

The response of L. arabinosus appears to be most susceptible (o cliaiiKi's in size ol 
inoculum. Best results were obtained with this organism when assays W(»r(‘ carri(*d 
out in short tubes of uniform dimensions (22 X 100 mm.). Us(» of 1h(‘ short tubes 
made it easier to introduce the drop of inoculum directly into the medium, thus 
assuring a uniform distribution of inoculum among the cultun' tuln's. 

In general, the organisms responded more slowly to wat(*r-insolubl(* subHtaii(‘(‘s, 
e.g,, cholesterol, than to wat(*r-soluble ones such as acedate. 

Resulth 


The Reepomc to Acetate, The retsponso to Hodium ncotatt' of oii(*h of 
the organisms used in this investigation is illustraiod l)y Figs. 1 and 2. 



Response of h, caaei and L, addophilua to Sodium Acetate in 
Media Buffered with Phosphate 

The amount of acetate necessary to stimulate early growth of these* 
organisms is much less than the quantity of acetate usually added to 
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media for the purpone of HC'iTing as buffer (f.r., from 0.(5 to 2.0%). 
The data of Table II show that the stimulatory effect of sodium ace- 
tate was not duplicated ljy (Hiuimolar quantities of sodium propionate, 
potassium citrate or potassium <lihydrogen phosphate. These data 



Fra. 2 

IlespoHN* of Ij. ntahhmiui, S. laelia and L. ix’nUifiua to Bodium Acetate in 
M(‘flia liuffcM'd with I’howphaic 


demonstrate that acetate servos some other function (s) beside that of 
buffer for these organisms. The response to acotat<» was improved by 
the presence in the medium of either phosphate or citrate as indicated 
by Table II, Init was not improvtsl appreciably by the presontte of 
])ropiunate. 

Growth in the Almnce of Acelaic. The effect of acetate is greatly to 
stimulate rate of growth and to permit its more ready initiation. 
Under the conditions used, some growth often appeared in the control 
tubes which contained no added acetate; if the incubation period was 
greatly prolonged, fairly heavy growth eventually occurred without 
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TABLE II 


The Comparative Effect of Sodium Acetate and Other Buffers on 
Growth of Lactic Acid Bacteria 


Additions'^ to 10 co of culture medium 

Dr> TV eight of cells obtamed (mg /lO cc ) 

L. casetr 

L. aci- 
dophilitst 

Ii. arabt- 
nosu8% 

a. None 


0.12 

0.1 

b. Acetate (1.0 mg.) 

— 

— 

4.1 

c. Acetate (10 mg.) 

2.4 

1.22 

— 

d. Phosphate (1.4 mg.) 

— 

— 

0.13 

e. Phosphate (14 mg.) 

0.22 


— 

f. Phoq)hate (25 mg.) 

0.3 

0.15 


g. Citrate (3.2 mg.) 

— 

— 

0.18 

h. Citrate (25 mg.) 

0.13 

0.31 

0.64 

i. Citrate (32.4 mg.) 

0.2 


— 

j. Acetate (1.0 mg.) + Phosphate (25 mg.) 

1.6 


5.8 

k. Acetate (5.0 mg.) 4- Phosphate (25 mg.) 

— 

3.75 


1. Acetate (10 mg.) -f Phosphate (25 mg.) 

6.4 

— 


m. Acetate (1.0 mg.) -|- Citrate (25 mg.) 

1.0 

1.95 

6.85 

n. Acetate (5.0 mg.) + Citrate (25 mg.) 

— 

4.5 

— 

0 . Acetate (10 mg.) -j- Citrate (25 mg.) 

4.4 

— 

— 

p. Propionate (1.0 mg.) 

— 

— 

0.14 

q. Propionate (10 mg.) 

0.3 

0.35 

— 


* Acetate refers to sodium acetate, phosphate to potassium dihydrogen phosphate, 
citrate to potassium citrate monohydrate and propionate to sodium propionate, 
t Incubated 17 hours. 
t Incubated 24 hours. 

§ Incubated 24 hours. 

added acetate. Such slow growiih might occur without the aid of ace- 
tate, or it might result from the normal fermentative production of 
small amounts of acetate from glucose or from the amino acids present 
in the medium. Enrichment of the medium by addition of extra amino 
acids stimulated growiih of L, arabinoms and S. laciis slightly, but the 
effect could not be attributed to any single amino acid and was much 
less marked than the effect produced by equal amounts of sodium 
acetate. 

The' Response of Lactic Acid Bacteria to a Miscellaneous Group of 
Metabolites and Precursors of Acetate. In this group the following com- 
pounds were tested for their ability to replace acetate in stimulating 
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growth of the lactic acid bacteria: acetone, ethyl alcohol, oxalic acid, 
glycollic acid, acetoacetic acid,® and jS-hydroxybutyric acid. 

Acetoacetic acid was from 0.1 to 4.4 times (by weight) ® as active 
as sodium acetate in promoting groviih of L. arabinosus on the acetate- 
free medium. It also stimulated growth of S. lactis (0.25 acetate equiva- 
lents per mg.), but was without activity for L. casei and L. addophtlus. 
The instability of the keto acid probably explains the variability in 
response of L. arabinosus to it. Evident!}’', the different organisms 
tested differ considerably in their ability to utilize this substance. 
All of the other compounds tested were inactive, with the possible 
exception of acetone, vrliich showed a very slight growth-promoting 
effect with L. arabinosus only. 

The Response to Various Products Involved in Carbohydrate Metabo- 
lism. Succinic, malic, a-ketoglutaric,^ glyceric, phosphoglyceric and 
inosinic ^ acids, creatine and creatinine were inactive in stimulating 
early groviih of the lactic acid bacteria when tested on the acetate-free 
medium. Fumaric, citric, Z-aspartic and Z-glutamic acids were slightly 
stimulatoiy to L. arabinosus only. However, the stimulation was much 
less than that produced by an equivalent weight of sodium acetate. 

Oxaloacetic acid ^ was active in replacing acetate for L. arabinosus. 
The activity of this substance varied from 0.16 to 3.4 acetate equiva- 
lents per mg. As in the case of acetoacetic acid, the instability of the 
compound may account for the variability in response. Since oxalo- 
acetic acid is readily decarboxylated by microorganisms, the known 
decarboxylation products — acetoin (7), acetaldehyde (8), pyruvic acid 
(9, 10) — ^^vere tested to determine whether or not oxaloacetic acid 
might be utilized by L. a7'abinosus via this reaction. The assay value 
for acetoin was 0.28 acetate equivalents per mg. Sodium pymvate ** ® 

2 Obtained by hydrolysis of acetoacetic ester according to the method used by 
Smedley-MacLean and Hoffert (6). An 8-hour instead of a 24-hour hydrolysis period 
was used. 

® Subsoquontly, the activity of any given compound in pi emoting growth will be 
expressed in terms of acetate equivalents. Thus, in the above example, acetoacetic 
acid varied in activity from 0.1 to 4.4 acetate equivalents per mg.; that is, one mg. 
of acetoacetic acid is equivalent in growth-promoting activity to 0. 1-4.4 mg. of so- 
dium acetate. 

^ Kindly supplied by Dr. F. Schlenk, M. D. Anderson Hospital for Cancer Re- 
search, Houston, Tex. 

* Sodium pyruvate was inactive for all other organisms tested. 
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and acetaldehyde ® possessed only slight and variable activity of L, 
arabiyiosuSj acetaldehyde being toxic at a concentration of 0.1 mg./cc. 
of culture medium and above. As pjmivate is such a universal inter- 
mediate in bacterial metabolism and gives rise to acetic acid in other 
bacteria by so many different pathways (11) its inactivity as a sub- 
stitute for acetate is rather surprising. Oxaloacetic acid might be 
hydrolyzed by the organism to yield acetic and oxalic acids, and the 
occurrence of this reaction may partially explain the activity of this 
compound in replacing acetate. 

It is evident from the results of these tests that most of the recog- 
nized intermediates of carbohydrate metabolism fail to replace acetate 
in its gro\\i;h-stimulating role for lactic acid bacteria. 

The Response to Fatty Adds, The testing of fatty acids promised to 
be informative for two reasons. The synthesis of higher fatty acids 
from the lower members of the series has often been postulated, and 
in the case of the rat, the synthesis of fatty acids from acetic acid (12) 
has been proven. Also, acetic acid may arise from the dissimilation of 
fatty acids. The response of L. arabinosiis to saturated and unsaturated 
fatty acids is given in Table III. 

The lower members of the fatty acid series (formic, propionic, bu- 
tyric, ^’•aleric, isovaleric and caproic acids) did not stimulate growiih 
of these bacteria during short periods of incubation. Beginning with 
caprylic acid, the saturated fatty acids were active for L. arahinosus, 
m3n'istic acid displaying the highest activity. Palmitic acid was less 
active, while stearic acid was inactive.^ The unsaturated acids were 
active for L. arabinosiis and their activity is of such magnitude that 
they are indicated as being intermediates or end-products of acetate 
metabolism. These results can thus be considered confirmatory to 
those of Rittenberg and Block (12) obtained with rats and mice. 

In contrast to the response obtained vdth L, arabinosiis, all of the 
fatty acids tested were inactive for L. casei. These results demonstrate 
a fundamental dissimilarity in behavior between the two organisms. 
L, addophilus occupies a position intermediate between L. arabinosiis 
and L. casei mth respect to its response to the fatty acids; the imsat- 

« For S, lacHSj acetaldehj'de gave an average assay value of 1.9 acetate equivalents 
per mg. On the molar basis then, acetaldehyde and sodium acetate are equally active 
for this organism. 

^Stearic acid is precipitated by the inorganic salts of the medium; satisfactory de- 
twtmnation of its activity was therforc difficult. 
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urated acids display some activity for this organism, but the saturated 
acids arc inactive. 

Triacetin, glyceryl monooleate and lecithin were also tested and the 
results obtained with L. arahinoam are appended to Table III. Gly- 


TABLE III 

The Response oj L. arabinosus to Fatty Acids in an Acetate-Free 'Medium 


Substance tested 
(number of times given 

Range tested" 

Activity 

(acetate equivalents 

in parentheses) 

(nag-) 

per mg.) 


Caprylic acidf (3) 

0.1 -1.0 

(Range) 

0.13- 3.8 

(Average) 

1.4 

Capri c acidf (3) 

0 

1 

o 

C) 

3.1 - 6.9 

5.2 

Laurie acid (4) 

0.001-0.3 

1.0 - 8.3 

3.3 

Myristic acid (4) 

(0.01 -o.n 

0.001-0.3 

00 

1 

q 

12 

Palmitic acid (3) 

(0.03 -0.05) 
0.001-0.5 ' 

0.32- 4.5 

2.1 

Stearic acid (2) 

(0.03 -0.3) 
0.001-0.5 

inactive 


Oleic acid (12) 

0.001-1.0 

43 -230 

80 

Linoleic acid (3) 

(0.001-0.01) 

0.001-0.5 

26 - 67 

42 

Linolenic acid (5) 

(0.001-0.05) 

0.001-0.5 

18 - 51 

31 

Sodium nemoleate (3) 

(0.001-0.05) 

0.005-0.1 

6.8 - 8.5 

7.7 

Glyceryl monooleate (1) 

(0.01 -0.1) 

0.01 -O.l 

24 

(24) 

Triacetin (1) 

0,01 -1.0 

inactive 


Lecithin (4) 

0.005-0.1 

5.1 - 34 

19 


* When ^‘active laiigo” does not correspond to ‘‘range t(*8ted/’ it is given in paren- 
theses below the latter. 

t The product (Armour and Company) contains othei fatty acids to the i‘\tent ot 

10 %. 


ceryl monooleate showed onlj'' one-tliird the activity to be expected 
from its content of oleic acid. It was inactive for L. casei. Triacetin 
was inactive for L. casei as well as for L. arabinosus. Lecithin was 
active for all three organisms tested (0.1 and 7.1 acetate equivalents 
per mg. for L. casei and L. acidophilus^ respectively). If the phos- 
pholipid is hydrolyzed by these organisms the activity must be as- 
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cribed to the fatty acid component, since both glycerol and choline 
were inactive for these bacteria. 

Acetic acid is a possible end-product of fatty acid oxidation by any 
of the theories now extant, and such degradation to acetic acid may 
partially explain the activity of these substances for lactic acid bac- 
teria. However, complete degradation of some of these substances 
oleic acid) to acetic acid would be insufficient to account for their 
high activity. This suggests that they may be normally synthesized 
from acetate and, hence, are capable of replacing acetate under the 
conditions employed, serving as growth factors directly or as inter- 
mediates in the further synthesis of essential materials. Oleic acid has 
been previously reported to serve as a growth factor for Corynebac- 
terium di'phtheriae (13) and for Clostridium tetani (14). 

TABLE IV 

(Jomparatwe Response of L. arablnosus to Acetate and Sterols as 
Indicated by Plate Counts 


Addition to 10 cc. of 
culture medium 

Galvanometer 

(turbidity) 

readings 

(incubated hrs.) 

Average number 
of cells per 
cc. 

(from plate counts) 

Activity 
(acetate 
equivalents 
per mg.) 

None 

44.5 

4.7 X 10^ 


Sodium acetate (0.1 mg.) 

68,5 

1.5 X 108 


Sodium acetate (0.3 mg.J 

76.0 

4.5 X 108 


Cholesterol (0.1 mg.) 

76.5 

3.2 X 108 

2.0 

Ergosterol (0.1 mg.) 

80.0 

5.0 X 108 

3.0 


The Response to Sterols and Related Compounds. The unsaponifiable 
fractions of most bacterial cells, unlike those of other living cells, do 
not show the characteristic reactions of sterols (15, 16). The only 
species of bacteria which has been reported to contain significant 
quantities of digitonin-precipitable sterols is Aeotohader ehroococcum 
(17). However, the results of experiments of Sonderhoff and Thomas 
Tiith yeast (18) and Block and Rittenberg mth rats (19) concerning 
the utilization of acetate for sterol s 3 Tithesis, and also the finding that 
several parasitic flagellates require sterols as growth factors (20, 21) 
stimulated the investigation of this group of compoimds in relation 
to lactic acid bacteria. 

When cholesterol was introduced into the acetate-free culture 
medium, giwth of each species of lactic acid bacteria tested was 
stimulated. For the preliminary experiments growth response was 
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measured by means of bacterial plate counts. Data presented in Table 
IV definitely demonstrate a stimulation in gro^vth of L. ardbinosus by 
cholesterol and ergosterol. Similar results were obtained with L. casei; 
the addition of 5 mg. of cholesterol to a 10 cc. culture tube produced a 
10-fold increase in cell population over the control tubes. 

The results of more detailed testing of sterols and related compounds 
are recorded in Table V. 

The lack of correspondence between growth curves obtained with 
sterols and those obtained with sodium acetate made direct compari- 
sons of activity with sodium acetate difficult and sometimes rather 
unsatisfactory. In such cases, values for activity w^ere calculated in 
terms of cholesterol, then converted to acetate equivalents by multi- 
plying by the appropriate factor (3.8 in the case of L. arabinosus, which 
represents the average activity of cholesterol in terms of acetate for 
this organism). 

Of the organisms employed, L. arabinosus Avas most responsive to 
the sterols and related compounds, L. acidophilus less so and L. casei 
responded to only a few. The activity of the sterols in replacing acetate 
suggests that these compounds are in some way connected with acetate 
metabolism. They may be utilized directly or converted into other 
essential substances. The inactivity of most of these compounds for 
L. casei may mean that either they are not assimilated from the me- 
dium or not utilized. It is possible that differences in permeability of 
cells of L. casei and L, arabinosus may account for differences in be- 
havior of these tw^o organisms to^vard the steroids tested. 

The difficulty in obtaining uniform dispersions of these water-in- 
soluble materials in the culture medium probably contributes greatly 
to the vaiiability observed in the activity of a single compound w^hen 
tested repeatedly. 

For Z/. arabinosus and L.. acidophilus members of the three classes 
of sterols, namely, the zoosterols, phytosterols and mycosterols, w^ere 
active. Also, the sterol ketones: cholestanone, cholestenone and co- 
prostanone, and the derived sterols: jS-cholestanol, 7-dehydrocholes- 
terol, epidihydrocholesterol and neoergosterol were active for L, 
arabinosus (and certain of these for L. acidophilus and L. casei). The 
irradiation products of ergosterol and 7-dehydrocholesterol, calciferol 
and vitamin Ds, respectively, were more active than the original sterols 
for L. arabinosus. Calciferol was many times more active than ergos- 
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Activity (acetate equivalents/mg.) for 
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terol for L. acidophilus. Calciferol and vitamin D3 were inactive for 
L, casei. 

The bile acids are closely related in stmcture to the sterols and evi- 
dence for the biological conversion of sterol to bile acid by the dog 
has been presented recently (22). The presence of bile acids in bacteria 
has not been demonstrated, nor has the utilization of these compounds 
by bacteria been reported However, a mixture of bile salts was active 
for L. ardbinosus and L, acidophilus and showed a trace of activity 
for L, casei. The activity of this product was probably due to the 
presence of glycocholic acid, which shovred high activity for L, arabino- 
sus. Cholic and desoxycholic acids were inactive for all of the organ- 
isms tested. 

Reference to Table V shows that some of the sex hormones, the 
saponins and one of the cardiac glycosides also possessed some activity 
for one or more of the organisms employed. All of these compounds are 
closely related in structure to the sterols. The actviity of the saponins 
must be ascribed to the aglycone portion since ether extraction of an 
acid hydrolyzate of saponin removed the active material almost 
quantitatively. The purified saponin, digitonin, possessed slight ac- 
tivity for L. arabinosus but was inactive for L. casei. 

The biogenesis of steroids has been a subject of much speculation. 
Much e\ddence (18, 19) has showm that acetate functions as such a 
precursor for yeast and rats. The demonstration that steroids partially 
duplicate the growth-promoting effect of sodium acetate for lactic 
acid bacteria thus assumes added significance. Certain other postulated 
precursors, such as acetaldehyde and fatty acids, have also been shown 
to possess similar activity for these organisms, although the activity 
of acetaldehyde was questionable. 

Evidence for the presence of steroid material in lactic acid bacteria 
gro^ra on a sterol-free medium is furnished by the experiment de- 
scribed below. The unsaponifiable fractions of the bacterial cells (of 
L. caseij L, arabinosus and L acidophilus) were isolated by the tech- 
nique of Hilditch (23) and the Liebermann-Burchard color test was 
applied to each fraction. A positive reaction was obtained in eveiy 
case. Biological tests of this nonsaponifiable material showed it to be 
very effective in replacing acetate for L. arabinosus and L. acidophilus 
(Table VI). Indeed, it was more active for L. arabinosus than any of 
the pure compounds tested. 
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TABLE VI 

The Response of the Lactic Actd Bacteria to Unsaponifiable Fractions of Bactenal Cells 


Unsaponifi- 
able fraction 
of 

L. arahinosus 
L. casei 
L, acidophilus 


Quantity 


Activity 

per cent by 
weight of 
dried cells 

Acetate equivalents 
mg. of matenal extracted 

L. arahinosus L. casei L. acidophilus 

2.1 

124 

0 125 

10 

27 

1.0 — 

2.9 

42 

0 44 


The Response to TerpeneSy Carotenoid Pigments and Related Com-- 
pounds. The recognized structural relationships between the sterols, 
terpenes and carotenoids suggested that representatives of the latter 
two classes of compounds also be tested for their activity in promoting 
growth of lactic acid bacteria in the absence of acetate. Certain ter- 
penes (Table VII) possessed slight activity for L. arahinosus, the 


TABLE VII 

The Response of L. aiahmosus to Terpenes and Related Compounds 


Substance tested 
di-Camphonanic acid 
Camphor 
Camphoric acid 
Cineole 
Citral 
Cymene 
Dipentene 
Greramol 
lonone 
Isoprene 
Phytol 
Terpineol 
2,2,6-Trimethyl- 
cyclohexane-1- 
carboxylic acid 


Activity (acetate 
equivalents/mg.) 

as, 0.11 (av., 0.21) 
inactive 
inactive 
0.12 

0.26,0.17 (av., 0.22) 
0.89 

0.53,0.23 (av., 0.38) 
0.35-5.6 (av., 2.6) 
0.1-0.6 (av., 0.35) 
0.6, 0.6 (av., 0.6) 
0.11 
trace 


Compounds which are described as possessing a trace of activity stimulate growth 
above the blanks but do not support increasing growth of the organism with in- 
creasing eonccntiation ot the test substance. 


organism for which the sterols were most active. They were inactive 
for L. casei. Certaip carotenoid pigments were likewise active in re- 
placing acetate for L. arahinosus (Table VIII). In general, the hydro- 
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T.^J3LE VIII 

The Res'poiise of L, arahinosus to Carotenoid Pigments 


Pigment 

Source 

Activity 

(acetate 

equivalents 

mg.) 

Carotene 

Commercial product 

0.69-25 

/3-Carotene 

(85% /S; 15% a) 
Chromatographic separation 

9.0 

or-Caroteno 

of commercial carotene 
Chromatographic separation 

7.6 

Lycopene ' 

of commercial carotene 
Tomato 

31 

Cryptoxanthim 

Yellow com meal 

txace 

Xanthophyllbt 

Spinach 

trace 


“ Isolated by the method ot Strain (24). 

t Isolated by the method of Fraps and Kemmerer (25). 

t Extracted from the pigment-contaimng petroleum ether traction with 90% 
methanol. 

cai’bon carotenoids were most active; their oxygenated derivatives 
possessed only a trace of activity. of the pigments were inactive 
for L. casei. 

In Fig. 3 dose-response curves for the various types of substances 
which were active for L, arabinosus are given. 

Discussion 

The ability of representatives of the related types of compounds — 
fatty acids, keto a'cids, sterols, bile acids, sex hormones, saponins, 
heart poisons, resin acids, fat-soluble vitamins, terpenes and caro- 
tenoids — ^to replace acetate in var3dng degrees in its growth-stimulating 
capacity for the different species of lactic acid bacteria indicates that 
acetate may be utilized by these organisms for the synthesis of lipoidal 
materials. It is possible, of course, that the organisms transform each 
of the active compounds (mth varying degrees of success) to some 
single substance essential for growi^h, which may or may not be 
lipoidal in nature. The non-saponifiable portion of L. arabinosus was 
more effective in replacing sodium acetate for this organism than any 
of the fat-soluble materials tested, a finding which is consistent with 
the proposed role for sodium acetate. In any case, the positive response 
of L, arabinosus to eveiy t3rpe of compound listed may be interpreted 



LACTIC ACID BACTERIA. I 


377 





K SODIUM ACETATE 


Fig. 3 

Representative Dose-Re^nse Curves for Vanous Types of Substances 
Which are Active for L orohinosws 

Weights of dry cells (ing./cc.) are plotted on the ordinates and corresponding 
weights of test substance (mg./10 cc. of culture medium) on the abscissae 
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as evidence that these structurally related compounds are also physio- 
logically related. The inability of some of the other species of lactic 
acid bacteria to utilize many of these compounds may be due either 
to differences in the ability to assimilate them from the medium/ aris- 
ing, for example, from a difference in permeability of cell membranes, 
or to more fundamental differences in the metabolic utilization of the 
various compounds. 


Summary 

A marked effect of sodium acetate in stimulating early growth of 
lactic acid bacteria has been demonstrated. This effect is not given by 
other buffers and demonstrates functions for sodium acetate in bac- 
teriological media other than that of buffer. 

Various compounds belonging to the following classes were found 
capable of duplicating, in whole or in part, this growth-promoting 
action of acetate: fatty acids, keto acids, sterols, sex hormones, bile 
acids, saponins, heart poisons, resin acids, fat-soluble vitamins, ter- 
penes and carotenoid pigments. The activity of these compounds sug- 
gests a probable role for acetate as a precursor for various lipids and 
may be interpreted as evidence for the physiological relationship of 
these structurally related compounds. 
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Introduction 

In a previous communication (1) the response of lactic acid bacteria 
to substances reportedly involved in acetate metabolism of various 
organisms and tissues was given. Along with these substances, various 
cellular extracts were tested for their ability to duplicate the growth- 
stimulating effect of acetate for lactic acid bacteria. Many of these 
materials were more active for certain of the organisms than an equal 
weight of sodium acetate. Since their activity could not be due to 
acetate alone, the concentration of the active factor(s) in the most 
promising source materials was undertaken. 

Experimental 

Assay Ptocedure. The medium and procedure were the same as that described iit 
the previous paper (1). LadcbaciUus casei, LactobaeiUus arabinosus IT-^S and Lacto- 
baciUus acidophilus were the organisms employed. 

Results 

iSubstitiition of Extrads of Various Natural Materials for Acdate. 
Table I gives the response of the lactic acid bacteria to extracts of 
materials of natural origm. 

Dehydrated grass juice, livei’ concentrate 1-20, liver fraction B, 
brewers’ yeast extract, and Bacto yeast extract were more active for 
L. casei than an equal weight of sodium acetate. It might be assumed 
that these materials furnish this organism directly with some essential 

* Present address: Department of Biochemistry, University of Wisconsin, Madison. 
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substance(s) for which acetate may serve as precursor. The growth 
stimulation produced by these materials is not due to the presence of 
any of the known water-soluble growth factors for microorganisms, 
since those nutrilites which were not already present in the medium 
were tested and found inactive in stimulating groT\i;h above the con- 
trols. Although some of the oils possessed greater than unit activity ^ 
for the organisms tested, they were not fractionated. 

In addition to the substances listed above, various extracts of 
brewers’ whole yeast were prepared, the activities of which were com- 

TABLE I 

The Response of L, casei and L. arabinosus to Extracts of Natural Materials 


Activity (acetate 

Substance tested equivalents/mg.) for 



L. casei 

L. arabinosus 

Beef Extract 

0.1 

0.05 

Cod liver Oil 

2.4* 

1.2* 

Cottonseed Oil 

1.4* 

0.43* 

Curbay, B-G. 

0.33 


Dehydrated Grass Juice 

10.0 

0.08 

Halibut Liver Oil 

2.2* 

LS-* 

Liver Concentrate 1-20 

1.7 

0.1 

Liver Fraction B 

3.0 

0.03 

Peptone (Bacto) 

1.0 

0.06 

Vacatone 

0.33 

0.21 

Vitab 

1.0 

0.12 

Wheat Germ Oil 

1.6* 

3.6* 

Yeast Extract (Brewers^ 

10.0 

0.08 

Yeast Extract (Bacto) 

10.7 

0.13 


' '** Values expressed as acetate equivalents/0.001 cc. 

pared with each other and with commercial yeast extracts. The results 
of this experiment are given in Table II. The diiference in behavior 
of the two organisms is striking. L. arabinosus seems to respond pri- 
marily to fat-soluble substances while L. casein seems to respond pri- 
marily to one or more water-soluble substances. In this connection, 
it win be recalled (1) that whereas a great variety of fat-soluble sub- 
stances were highly active in replacing sodium acetate for L, arabinosus, 
only a few of these showed similar activity for L. casei. 

1 One mg. of sodium acetate was assigned an activity of 1.0 (see preceding paper 

Cl)). 
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Concentration of the Active Water-Soluble Factor(s), To follow the 
active water-soluble factor(s) during concentration L, casei was used 
as the test organism, as it was most sensitive to the active material in 
aqueous extracts. The active factor(s) was concentrated from each of 
the follo\\Tng source materials: dehydrated grass juice (Cerophyll 
Laboratories), brewers’ yeast extract (Fleischmann’s Type III), Bacto 
yeast extract (Difco), Curbay B-G. (U. S. Industrial Alcohol Co.), 
and Vitab (Vitab Corporation). The active fraction from each of these 
materials had many properties in common. It was, therefore, assumed 
that the same factor(s) was responsible for the activity in each case. 
Since the greatest concentration was obtained ^\^ith brewers’ yeast 


TABLE II 

Comparison of Extracts of Yeast in Stimulating Growth of L. arabinosus and L. casei 



Activity 

(acetate equivalents/mg.) 

Description of Extract 

L. arabinosus 

L. casei 

1. Hot water extract of Whole Brewers’ Yeast 

0.14 

2.4 

2. Ether extract'*' of Whole Brewers’ Yeast 

7.0 

3.0 

3. Acetone extract* of Whole Brewers’ Yeast 

25.0 

1.67 

4. Hot water extract of residue from ether extraction 

0.08 

0.41 

5. Brewers’ Yeast Extract (Fleischmann’s Type III) 

0.06 

10.0 

6. Bacto Yeast Extract (Difco) 

* Extraction was carried out in a Soxhlet apparatus. 

0.04 

5-10 


extract, only the experiments performed with this source material 
mil be described. 

Brewers’ ^’■east extract was approximately 10 times as effective, 
weight for weight, as sodium acetate in stimulating growth of L. casei. 
The comparative response of the organism to the two substances is 
illustrated in Fig. 1. The most effective procedure developed for con- 
centrating the active material from brewers’ yeast extract is de- 
scribed below. 

Dried brewers’ yeast extract (6.6 g.) was placed in the extraction thinable of a 
Soxhlet extractor, then extracted with methanol for 6 hours. Ninety % ® of the active 
substance but only 43% of the solids were removed by the methanol. An aliquot of 
the extract (182 cc.; 2.7 g. solids) was evaporated to a small volume, then diluted 
with water to 100 cc. Without adjusting the pH, 2.2 g. of activated charcoal (Darco 


^ All calculations were based on the activity of a freshly prepared solution of the 
original material. One mg. of this material was assigned an activity of 1.0. 
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G-60) weie added, and the mixture stirred for 16 minutes. The charcoal was filtered 
out, washed wdth water, and the active material eluted from it by refluxing for 10 
minutes \nth 50 cc. of a 2.8% solution of ammonia in 50% ethanol. The elution 
procedure was repeated once. The combined eluates (134 cc.) contained 86% of the 
activity of the original yeast extract; the active material had been concentrated 
18-fold at this stage (total weight: 295 mg.). The eluate was now evaporated on the 
steambatli until only slightly alkalme, diluted to 50 cc. and the pH adjusted with 
sulfuric acid to 3.0. Two hundred tliirty mg. of Darco G-60 were added, the mixture 
was stirred and the charcoal eluted in the same manner described above. The eluate 



Fig. 1 

Comparative Response of L, casei to Brewers^ Yeast Extract and to Sodium Acetate 

contained 49% of the activity of thd original yeast extract and had been concentrated 
44-fold (total weight: 67.2 mg.). A third adsorption and elution from charcoal did 
not effect further purification. Several separate concentrates were prepared at dif- 
ferent times by the above procedure with only minor variations in the activity and 
amount of the end product obtained. 

Although the active material in the yeast extract appeared stable 
to acids and alkalies at room temperature, it was partially destroyed 
by autoclaving aqueous solutions, either alone or with acid or alkali. 
Data from a typical experiment are given in Table III. Concentrates ’ 
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of the active material were likewise stable to dilute acids at room tem- 
perature but were partially inactivated by standing for 24 hours in 
dilute alkaline solution (0.15 N sodium hydroxide). The acti\dty of 
concentrates was not adversely affected by exposure to bright diffuse 
daylight for a period of 3 days. • 

The activity of concentrates from brewers' yeast extract was de- 
stroyed by the action of oxidizing agents such as dilute hydrogen per- 
oxide or bromine water at room temperature. That the active sub- 
stance is labile to oxidation is also indicated by the gradual loss of 
activity which occurred when solutions containing the active substance 
were stored for long periods of time. The addition of antioxidants such 
as ascorbic acid or cysteine hydrochloride (which were without ac- 
tivity in the growth test) partially prevented such loss. The lability 

TABLE III 

Stability of the Active Material in Yeast Extract to Avtodaving* in 
Neutralf Acid^ and Basic Solutions 

Solution Loss of activity 

per cent 

Neutral 27 

3 N Sodium hydro's:ide 65 

6 N Hydrochloric acid 81 

Each solution was autoclaved 30 minutes at 15 pounds steam pressure 

of the active substance is also indicated by the partial losses of activity 
which occurred whenever solutions containing it were evaporated to 
smaller volumes. The reasons for this loss in activity were not 
elucidated. 

When subjected to fractional electrical transport in the apparatus 
described by Williams (2), the active fact or (s) migrated to the anode, 
indicating that it is acidic. Only 30% of the original activity was re- 
covered after such treatment, suggesting oxidative destruction at the 
anode. 

The addition of 1 mg. of ascorbic acid/10 cc. of the ethanolic am- 
monia used for elution slightly improved the yield of active material 
and also permitted the eluate to be kept for a longer period of time 
mthout diminution in activity. Whenever ascorbic acid was added to 
the eluant, it was also included in the basal medium to the extent of 
1 mg. per tube. 

Pretreatment of charcoal with aniline, or uith reducing agents, or 
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with potassium cyanide (3) failed to increase the activity of the eluates 
obtained. Superfiltrol and pennutit were less satisfactory adsorbents 
than charcoal. The active substance was adsorbed on the Amberlite 
resins but could not be eluted from them by the procedures tried. 

Thef active substance was partially or completely precipitated from 
solution by addition of soluble salts of silver, lead or mercury, and 
also by addition of phosphotungstic acid. Although the active ma- 
terial could sometimes be recovered from' such precipitates, the pro- 
cedures led to no purification of the active material and were therefore 
abandoned. 


SUMMABT 

The occurrence in materials of natural origin of a water-soluble 
substance (or substances) which replaces acetate in its' growth-pro- 
moting function for some lactic acid bacteria, and which is much 
more active than acetate on an equal weight basis, was demonstrated. 

A procedure for concentrating the active factor(s) from the most 
promising source materials is described. A typical concentrate from 
brewers’ yeast extract was 44 times as active as the starting material; 
1 mg. of this material was equivalent in growth-promoting action to 
440 mg. of sodium acetate. <• . 
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Introduction 

Com steep liquor is the water extract obtained in the industrial 
manufacture of starch, gluten and other com products. It is usually 
concentrated to about 50% solids and is used chiefly in the manu- 
facture of .commercial feeding stuffs. It has recently attracted much 
attention from another point of view, viz,, penicillin production by 
molds. In a recent review Coghill (1) has credited A. J. Moyer with 
discovering the usefulness of com steep liquor for penicillin produc- 
tion. The addition of com steep liquor to the medium increased the 
penicillin yield at least tenfold above the previously reported yields. 
Although some synthetic media have been developed which give fairly 
good jdelds of penicillin, the simplest and most practical way of ob- 
taining optimum yields is by the addition of com steep liquor to the 
medium. Since the com steep liquor stimulates penicillin production 
even after proper adjustment of the medium constituents, pH and 
aeration, the most reasonable explanation of its effectiveness is that 
it contains some precursor or key substance which is used by the mold 
in producing penicillin. 

Other materials may be used in place of corn steep liquor in the production of 
penicillin. Halpem el at. (2) have reported stimulation of growth and production of 
penicillin by P, notatum 832 by the butyl alcohol-soluble fraction of wheat extr^icts 
and protein hydrolyzates. Proline together with glutamic acid gave 35 Oxford units 
of penicillin per mL of medium. These yields are far below the highest yields obtained 


* This work was done in cooperation with and supported by the Office of Produc- 
tion Research and Development, WPB Contract 118. 

Published with the approval of the Director of the Wisconsin Agricultural Ex- 
periment Station. ' 
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with corn steep liquor. Cook, TuUoch, Brown and Brodie (3, 4) liave reported good 
yields of penicillin using aqueous extracts of peas instead of corn steep liquor. The 
hot aqueous extract gave as high as 225 units of penicillin per ml., and the 80^ 
alcohol-insoluble portion of this extract gave 200 units per ml. wth surface cultures. 
According to White, Krampitz and Werkman (5), 205 units of penicillin may be ob- 
tained with a combination of arginine, histidine, glutamic acid and succinic acid in 
place of com steep liquor in sui*face cultures. In industrial practice, as far as the 
authors are aware, no substitute has proved as efficient and economical as corn steep 
liquor. 

Expeeimental Procedure 

CuUu/es. Two species and several strains of penidllia were used, P. tiotalum 
832 and P, chrysogenum KRRL 1951-B25, 35217, 45417, and X-1612. Ciiltui-es 832 
and 1951~B25 wore obtained from Dr. R. D. Coghill of the Xorthorn Regional 
Research Laboratory. Cultures 35217 and 45417 wore obtained from Dr.G. W. Beadle 
of Stanford University, and were derived by the Stanford workers from 1951-B25 
after irradiation of the parent culture with ultraviolet light. Culture X--1612 w’^as 
derived from culture 1951--B25 by irradiation of the parent culture with x-rays. The 
irradiation and isolation work was done by Dr. ]M. Demerec, Carnegie Institution, 
Cold Spring Harbor. The organism was sent to us by Dr. C. M. Christensen of the 
University of Minnesota for the determination of its penicillin-producing ability in 
submerged fermentations in tanks. 

Medium and Fermentation, The majority of runh reported in this study wore 
performed with shaken flask cultures. Medium I, w'hich was originally developed by 
the Northern Regional Research Laboratory, consisted of 2% lactose, com steep 
liquor equivalent to from 1 to 4% solids (see Tables), 0.05^yo KH2PO1, 0.3% NaNOs, 
0.004% ZnS04*7Hj0, and 0.025% MgS04*7H>0. One hundred ml. of medium were 
placed in 500 ml. Erlonmoyor flasks, sterilized, inoculated and aerated at 23®C. in 
reciprocating shakers operating at 80 to 90 10-cm. strokes per minute. The medium 
vras inoculated with a two day-old vegetative cell inoculum wdiich was prepai*ed in 
the* following manner; A bottle plate containing a spore-producing medium (11) 
devised by the Northern Re^onal Research Tjaboratories (peptone, 5 g.; Brer Ral)- 
bit molasses, 7.5 g.; residue from alcohol fermentation of molassi's (Curbay BG), 
2.5 g.; glycerol, 7.5 g.; NaCl, 4 g.; KH2POi, 0.06 g.; MgSO* -71120, 0.05 g.; agar, 
15 g.; distilled water to 1 liter) was inoculated with a soil stock of the cultum and 
incubated at 23®C. for two days. The spores were then suspended in 50 ml, of water 
and 2 ml. were added to a 500 ml. Erlenmeyer flask containing 100 ml. of a 6% 
dextrin (No. 151 Com Products Refining Company), 2% com steep solids, and salts 
(Medium III). This medium w’’as incubated at 23°C. for two days with shaking. Two 
ml. of this medium were then used to inoculate each of the flasks used in the runs. 

Penicillin, The amount of penicillin in the fennented medium was determined by 
an assay procedure based on the method of Schmidt and Moyer (6) with Staphylo- 
coccus aureus as the test organism. A penicillin preparation obtained from the Abbott 
Laboratories was used as a working standard. This wtis checked against a standard 
obtained from the Food and Drug Administratioui Washington. The penicillin yields 
are expressed in Oxford units. 
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Corn Steep Liquor. In the preliminary work more than 40 samples of steep liquor 
from six companies were tested. It soon became evident that not all of these could be 
tested from various angles; hence, the later work was confined to a much smaller 
number of samples from fewer companies. Analytical data from the producers showed 
that the corn steep liquor samples consisted of 40-60% solids and contained, on the 
dry basis, 12 to 27% lactic acid, 7.4 to 7.8% total nitrogen, 2.6 to 3.3% amino nitro- 
gen, 1.6 to 14% reducing sugars calculated as glucose, and 18 to 20% ash. 

Reproducibility op Fermentations 

A great deal of dilSSiculty has been experienced in reproducing the 
yield of penicillin in successive experiments. In the usual fermentation, 


TABLE I 

Reproducibility of Penicillin Produdion by P. chrysogenum X-1612 
Medium I with 2% com steep 


Run 

No. 

Penicillm 

Uuita per ml. after 

pH after . 


4 days 

5dajs 


Tdaj'S 

8 days 

9 days 

4 days 

5 days 

6 days 

7 days 

8 days 

9 days 

1 

60 

83 

63* 

114 


76 

7.2 

7.1 

7.6 

7.6 

8.0 

8.2 

2 


96 

97 

69 

103^ 

64 

6.8 

7.5 

8.0 

8.2 

8.4 ‘ 

8.5 

3 

87 

112* 

83 

78 

95 

75 

7.1 

7.3 

7.6 

7.9 

8.1 

7.9 

4 

60 

ifiM 

91 

94 

86 

Mm 

7.2 

7.4 

7.7 


8.2 

8.4 

5 

80 

96 

79 

54 

56 

63 


7.3 

7.9 


8.4 

8.4 

6 

42 

52 

52 

60 

68 


Q 

7.1 

7.6 

7.6 

7.7 

8.1 


* These values are out of line with the other penicillin figures in the series and 
also with the pH data. They should not be given the same agnificance as the other 
values. 


the penicillin content of the medium rises to a maximum and then falls 
off rapidly. In successive experiments, cultures do not develop at 
exactly the same rate, hence the day of maximum yield may vary 
from fermentation to fermentation. The best single index of the course 
of the fermentation other than the content of penicillin is the pH of 
the medium. With culture X-1612 about 110 units per ml. have been 
obtained in six successive runs although the day of the maximum 3 deld 
and pH on this day show some variations (see Table I). The maximum 
concentration of penicillin in the medium was found to occur any time 
between the fifth day and the eighth day of the fermentation. The pH 
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during the time of maximum yield was usually between 7.0 and 8.0. 
It is veiy important that the pH of the culture be maintained at its 
proper value since little penicillin is produced if the pH rises too 
rapidly to 8.0 or above. A more detailed discussion of the relationship 
betTseen pH and penicillin production is presented in the paper by 
Koffler, Emerson, Perlman and Burris (7). 


Optimum Level and Variability op Corn Steep Liquor 

Table II gives typical data obtained in testing various levels of com 
steep liquor in shaken flasks. In most cases the optimum level of corn 
steep liquor was found to be that equivalent to 2% solids in the 

TABLE II 

Penicillin Pioduction at Various Levels of Corn Steep Liquor 
Medium II 


Lvpen- 

ment 

No 

Corn feteep liquoi 
used 

Culiuze 832 

Cultuio X-1612 

Numbei 

(and 

producer) 

Per cent 
Drs 
solids 

Day of 
maumum 
jield 

Penicillin 
u /ml. 

pH at 

Trni.>.itrmm 

Day of 
ma'umum 
jield 

Penicillin 
u /ml 

pH at 
maumum 

1 

38(A) 

1 

9 

38 

7.8 


103 

8.3 

2 

38(A) 

2 

9 

65 

8.0 

9 

148 

8.3 

3 

38(A) 

4 

6 

62 

8.1 

9 

117 

8.3 

4 

40(A) 

1 

mm 

45 


9 

94 

8.5 

5 

40(A) 

2 


72 


9 

142 

8.4 

6 

40(A) 

4 

wm 

49 


9 

144 

8.2 

7 

39 (B) 

1 

8 

48 


9 


8.4 

8 

39(B) 

2 


58 


9 

129 

8.4 

9 

39 (B) 

4 


31 

8.1 

9 

109 

8.3 

10 

64(B) 

1 


97 

7.9 

6 

113 

7.1 

11 

64(B) 

2 


164 

7.7 

11 

174 

8.5 

12 

64(B) 

4 

6 

84 

7.7 

11 

206 

8.2 

13 

49(C) 

1 

8 

42 

8.4 

9 

133 

8.4 

14 

49(C) 

2 


48 

8.4 

9 

101 

8.4 

16 

49(C) 

4 


34 

8.2 

9 

93 

8.2 

16 

65(C) 

1 



7.6 

7 

166 

7.2 

17 

65(C) 

2 



7.7 

7 


7.6 

18 

65(C) 

4 

um 

69 

7.6 

12 

154 

7.9 




■ 

Av. 67 



Av. 132 
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medium. The superiority of the 2% level was much more marked with 
culture 832 than with X-1612. With the foimer the 2% level gave 
about 60% more penicillin than either the 1 or 4% levels. With the 
latter there was no difference between the 2 and 4% levels but both 
were nearly 50% better than the 1% level. Fermentations with 20 
other lots of com steep vdth culture 832 showed that the 2% level was 
as good as or better than the 4% level and both were much better than 
the 1% level. As will be shown later, the optimum concentration in 
stirred and aerated tanks is not the same as that in shaken flasks. 
Different lots of com steep showed great variation in stimulating the 
production of penicillin. Lot 64 gave three times the yield of Lot 49 
with culture 832 and about one-third more vith X-1612. The varia- 
tion was not related to the source of the steep as there vas about an 
equal difference between Lots 39 and 64, which were made by the 
same manufacturer as between Lots 64 and 49 which came from dif- 
ferent producers. Com steep liquor is certainly not a standard product 
as far as production of penicillin is concerned. Even if it were standard- 
ized for one method of fermentation, e.g., shaken flasks, it by no means 
follows that uniform results vrould be obtained in tank fermentations. 
Of course, it must be recognized that factors other than com steep 
liquor operate to affect the yield of penicillin. Some of these are in- 
herent variations in the mold itself j others are due to external condi- 
tions such as pH and aeration. Many more data must be accumulated 
before the exact role of com steep liquor in penicillin production can 
be fairly assessed. 

The superiority of culture X-1612 over 832 is shown in all of the 
experiments. Not only w-as it less affected by changes in the, lots of 
com steep but on the average it produced twice as much penicillin as 
832. However, it took about 2 days longer to reach this higher level. 

Effect of Adding Corn Steep Liquor to a Medium 
Providing Good Growth Without It 

That it is not enough to maintain proper pH and mycelial growth 
to obtain maximum penicillin is illustrated by the data presented in 
Table III. A chemically defined medium (IV) developed by other 
members of this laboratory to produce as good mycelial growth as was 
obtained on Medium I, and also to maintain pH conditions similar to 
those obtained on Medium I was used as a basal medium. It contained 
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2% lactose, 2% dextiin, 0.82% ammonium lactate, and the same 
concentration of salts as in Medium I. Since lactic acid is fermented 
readily by the mold, the ammonia liberated tends to counteract the 
acid produced by the fermentation of the lactose and dextrin, When 
the basal medium was used alone, no penicillin was produced although 

TABLE III 

Stimulation of PemciUin Production by Com Steep Liquor in Media 
Giving Good Mycelial Growth 


Experi- 

ment 

No 

IMedmm 

Pemcilbn 

Organism 

pll on 
da\ of 
raiximum 
Meld 

Weight of 
myLehum 
after 9 day s 
mg /ml of 
m^ium 

Dav of 
maxunum 
yield 

u /ml 

1 

I,2%C.S.L. 

8 

61 


■■ 


2 

IV 

— 

0 



12.6 

3 

IV4-0.1% C.S.L. No. 64 

9 

20 



14.1 

4 

IV+1.0% C.S.L. No. 64 

7 

40 

832 

8.1 

17.0 

6 

IV+2.0% C.S.L. No. 64 

7 

56 

832 

8.2 

17.9 

6 

IV 

— 

0 

X-1612 

— 

13.1 

7 

IV4-0.1% C.S,L. No. 64 

7 

48 

X-1612 

7.9 

11.5 

8 

IV+1.0% C.S.L. No. 64 

9 

72 

X-1612 

8.3 

13.2 

9 

IV+2.0% C S.L. No. 64 

9 

95 

X-1612 

8.1 

16.3 

10 

I+2%C.S.L. No. 64 

9 

127 

X-1612 

8.2 

10.6 


the mycelial growth was even better than that produced with the 
regular medium in which the greatest amount of penicillin was ob- 
tained.* Addition of com steep liquor to this medium considerably in- 
creased the penicillin-producing capacity. 


Penicillin-Producino Capacity op Steepwatbr Fractions 

A number of steep liquors were prepared by the Com Products 
Refining Company by extracting the same batch of com with suc- 
cessive volumes of S02-treated water to determine at what period the 
active material in the com "was extracted. The extracts were concen- 
trated in glass equipment and sent to our laboratory to be tested for 
penicillin-producing capacity. The results are presented in Table IV. 
Most of the active material appears to be extracted within the first 
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TABLE IV 


Penicillin-Froducing Capacity of Steep water Fractions 
Medium I 


Experiment No. 

Com steep fi actions 

Penicillin 

pH on day of 
maximum yield 

Hours of 
steeping 

Per cent solids 
used 

Day of maxi- 
mum yidd 

u./ml. 

1 

0-24 

2 

7 

56 

7.7 

2 

24-48 

2 

7 

25 

7.7 

3 

48-72 

2 

8-9 

24 

7.8 

4 

72-96 

2 

8-9 

18 

7.8 

5 

96-120 

2 , 

9 

18 

7.9 

^ 1 

120-168 

2 

6 

22 

7.5 

7 

168-192 

2 

' 9 

26 

7.6 

Control 


1 ^ 

i ^ 

44 

8.0 


24 hours, as the yield of penicillin with this fraction was more than 
twice as great as that produced with any of the other fractions. 

Laboratory-Prepared Corn Steep Liquors 

Several types of steep liquors were prepajced m the laboratory by the following 
method: 250 g. of com meal were suspended in 500 mL of distilled water and ex- 
tracted at 65®C. for 24 houis with occasional shaking. Several varieties of steeps 
were prepared in this maimer. Com meal was extracted at pH values of 3.0, 6.0 and 
9.0. In some cases 0.24% Na 2 SOs was added to the suspension and in other cases the 
com was sprouted for four days previous to grinding and steeping. After the steeping 
process, the corn meal was filtered off and the Hquid portion was used in the peni- 
cillin mediunr. The weight of dry solids in the com steep liquor made from unsprouted 
com was about 3% while that made from sprouted corn contained about 10%. 

The steep liquors were used at a level of 2% solids in all the fer- 
mentations. The results of these fermentations are summarized in 
Table V. The extracts from unsprouted com meal at pH values of 3.0 
and 9.0 were veiy poor, yielding only 16 or 17 units of penicillin per 
ml. The steep liquors extracted at pH 6.0 occasionally were as good as 
commercial com steep liquor (yielding 48 units of penicillin per ml-). 
The best results were obtained with the steep liquors prepared from 
sprouted com. Addition of 0.24% Na 2 S 03 to the steeping water seemed 
to improve the effectiveness of the product in most cases. Penicillin 
yields which were consistently as good as those obtained with the com- 
mercial steep liquors were obtained with these steeps. 
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TABLE V 


Patency of Laboratory Prepared Com Steep Liquor 
Medium I 


Experi- 
ment No. 

Voiiable constituents of ^e medium 

PemciUin 

pH on day 
of maxi- 
mum yield 

Kmd 

Per cent 
Solids 
used 

Day of 

mnTimiiTn 

saeld 

u./ml. 

1 

Corn steep liquor No. 2 

2 

7 

48 


2 

Com meal extract, pH 3, 30®C. 

2 

5 

17 

8.2 

3 

Corn meal extract, pH 6, 30®C. 

2 

6 

9 

8.0 

4 

Corn meal extract, pH 9, 30®C. 

2 

5 

16 

8.2 

5 

Corn meal extract, pH 6, 30®C., 
in presence of 0.24% NasSOa 

2 

7 

35 

8.2 

6 

Corn meal extract, pH 6, 65®C., 
in presence of 0.24% NaaSOs 

i 

5 

18 


7 

Com meal extract, pH 3, 65®C. 

2 

7 

14 

8.5 

8 

9 

Com meal extract, pH 6, 65®C. 
Com meal extract, pH 9, 65®C. 

2 

2 

10 

38 

0 

>8.1 

10 

Com meal extract, pH 6, 65®C., 
in presence of 0.24% NaaSOs 

2 

6 

21 

8.0 

11 

Germinated corn extract, pH 6, 
66®C. 

2 

8 

24 

8.2 

12 

Germinated com extract, pH 6, 
65°C., in presence of 0.24% 
NasSOi 

2 

9 

53 

8.4 


Fermented Steeps 

More or less fermentation takes place in processing com steep liquor. 
This fermentation is largely due to lactic acid-producing bacteria and 
mycoderms but yeasts may also play a part as they are usually found 
in the steep liquor. The effect of this microbial action on the penicillin- 
producing capacity of com steep liquor is not definitely known. A 
yeast type of fermentation is regarded by some producers as unde- 
sirable. A series of steep liquors which had been incubated at tempera- 
tures ranging from 38®C. to 54°0. was sent to us by the Com Products 
Refining Company. The lactic acid content of these steep liquors 
ranged from 23.5-28% on the dry basis. No appreciable difference was 
noticed between the steep liquors when they were tested for their 
penicillin-producing capacity nor did there seem to be any correlation 
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between the amount of lactic acid contained in the steep liquor and 
the penicillin produced. 

Some samples of steep liquor were deliberately inoculated with Sac~ , 
charomyces cerevidae and incubated with aeration at 30®C. for 24 hours, 
sometimes with 1% added glucose. This procedure produced a heavy 
growth of yeast cells in the steep liquor and improved the penicillin 
yield as much as 20% in some instances. Yeast grown in steep liquor 
without aeration had little or no effect. The addition of 1% yeast 


TABLE VI 

Effect of Supplements of Natural Materials on Penicillin Production 
Medium I 


Experi- 
ment No. 

Variable constituents of the medium 

Penicillin 

pH on day of 
maximum 
penicillin yield 

Kind 

Per cent 
'Dry solids 

Da.y of 

mariTyiiim 

yield 

u./ml. 

1 

Corn steep liquor No. 38 


5 

51 

7.7 

2 

Corn steep Hquor No. 38 


7 

58 

8.3 

3 

Corn steep liquor No. 38 


6 

61 

8.3 


Unhydrolyzed casein 

1 




4 

Com steep liquor No. 38 


6 

58 

8.3 


Solubilized liver 





5 

Corn steep liquor No. 38 


6 

54 

8.2 


Bacto peptone 





6 

Corn steep liquor No. 38 


5 

59 

7.8 


Difco yeast extract 

1 




7 

Com steep liquor No, 38 


6 

63 

8.2 


Grass juice powder 





8 

Com steep Uquor No. 38 


6 

70 

8.1 


Potato tuber tissue 

1 




9 

Com steep liquor No. 38 

2 

7 

62 

8.1 


Milk powder 

1 



t 

10 

Corn steep liquor No, 38 

2 

4 


7.7 


Fish meal 

1 




11 

Corn steep liquor No. 38 

2 

6 

79 

8.5 


Meat scraps meal 

1 




12 ’ 

Com steep liquor No. 38 

2 

5 

69 

8.9 


Soy bean meal 

1 


i 


13 

Com steep liquor No. 38 

2 

6 

63 

7.3 


Potato extract 

1 




14 

Com steep liquor No. 38 

2 

7 

63 

8.2 


Asparagus butt juice 

1 
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cells (diy basis) without fermentation also seemed to improve the 
potency of the steep by about 10%. (Data are not recorded in tables.) 

Corn Steep Liquor Substitutes vnd Supplements 

No satisfactoiy substitute for com steep liquor has been found. 
The following substances have been tested and found to be of little 
value as substitutes for com steep liquor: Cuban high test molasses, 
stejffanized molasses A and B, Bacto peptone, solubilized liver, as- 
paragus-butt juice, Difco yeast extract, grass juice powder, rice steep, 


TABLE VII 

Penicilhn Production %n Aerated and Stmed Media (9 1. bottles) 


Expm- 
ment Vo **■ 

Com steep liquoi 

Pu cent 
Lactose 

Penicillin 

pH on d l^ 
of luuumuni 

Vumboi of 
oiganisni 

Vunibei 

Per cent 
"Dry solids 

Day ot 
maMxnuni 
yield 

u /ml 

1 

54 

2 

2 


194 

73 

35217 

2 

64 

4 

3 


148 


35217 

3 

54 

2 

2 

6 

169 

75 

35347 

4 

54 

4 

3 

6 

207 

76 

35347 

6 

54 

2 

2 

6 

159 

7.9 

45417 

6 

54 

4 

3 

6 

209 

7.6 

45417 

7 

2 

2 

2 

6 

68 

7.6 

832 

8 

51 

2 

2 

7 

90 

7.7 

832 

9 

i 51 

4 

3 

6 

145 

7.4 

832 

10 

63 

4 

3 

! 

5 

223 

■■ 

X-1612 


* Medium I with com steep and lactose as noted. 


cottonseed meal extract, ground liver and liver iniuaion. Meat hc^raps 
meal was somewhat better than most of these but not as good as corn 
steep. 

The 3 deld of penicillin could be increased, however, by the addition 
of 1% of several natural materials to the lactose-corn steep-salts 
medium. The data presented in Table VI show that unhydrolyzed 
casein, Bacto peptone, Difco yeast extract, grass juice powder, potato 
tuber tissue, milk powder, fish meal, meat scraps meal, soy bean meal, 
potato extract and asparagus-butt juice increased the yield of peni- 
cillin 5 to 60% above that produced on the regular medium. Defatted 
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hydrolyzed com germ, hydrolyzed whole wheat geim, hydrolyzed zein, 
and hydrolyzed ca&ein, and defatted hydrolyzed sunflowei‘ meal de- 
creased the yield 2-35% when added as a supplement to fhe medium. 

Aerated and Stirred Fermentations in Bottles Tanks 

In Tables VII and VIII representative data are recorded for runs 
made with larger volumes of media. One type of apparatus used for 
fermenting larger volumes of media was a glass bottle having a ca- 
pacity of 9 liters. Four liters of medium were added and constantly 
stirred and aerated during the process of fermentation. An average 

TABLE VIII 

PemeUbn Production tn Tank Fa mentations 


Expeiiment 

No* 

Oiftanism 

Ptt cent Corn 
steep «iohds 
dn solids 

Per cent 
Lactose 

Penicillin 

pH on day of 
maximum 
Meld 

Da> of 
maximum 
Mold 

11 /ml 

1 

X-1612 

2 

2 

2 

240 

80 

2 

X-1612 

4 

3 

3 

480 

7.3 

3 

X-1612 

6 

3 

3 

636 

7.6 

4 

832 

2 

2 

3 

62 

7.5 

5 

832 

2 

1 

3 

37 

8.0 

6 

1951-B25 

4 

3 

4 

126 

7.4 

7 1 

832 

4 

3 

3 

44 

8.2 


* Medium I with com steep and lactose as noted. 


rate oi 16 liters of air per minute was used. Still larger quantities of 
medium were handled in 80-gaIlon tanks in which 220 liters of medium 
were fermented with aeration as high as 200 liters per minute. Details 
on construction and operation of these fermentations under various 
conditions will be presented elsewhere 
Contrary to the data obtained with shaken flasks, the optimum level 
of com steep liquor in large volume fermentations was 4% on the dry 
basis. The maximum yield of penicillin was obtained on the sixth day 
with bottles and on the third day with tanks as compared with the 
seventh to ninth day with shaken flasks. These differences are probably 
due to the effect of increased aeration in the bottles and tanks. The 
variation between runs in large volume fermentations was less than 
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that of shaken flasks. This may have been due to the better control of 
agitation in the bottles and tanks. 
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Summary 

Com steep liquor in the medium seems necessary for optimum yields 
of penicillin. No satisfactory substitute for com steep liquor was found 
among more than 20 natural materials tested. However, some of these, 
particularly meat scraps meal and potatoes, supplemented the action 
of com steep liquor in increasing the yield of penicillin. 

Samples of com steep liquor from different manufacturers varied 
greatly in their penicillin-producing capacity. However, the variations 
were as great in lots from the same manufacturer as in lots from dif- 
ferent manufacturers. Fermentation of the corn steep liquor mth yeast 
seemed to increase rather than decrease the penicillin-producing po- 
tency of the steep liquor. 

The optimum level of com steep solids in shaken flasks was found to 
be 2% when either P. notatum 832 or P. chrysogenum X~1612 were 
used. Data obtained with larger volumes of medium under aeration 
and agitation indicated that 4% corn steep solids was optimal. 

The most potent steep prepared in the laboratory was obtained from 
sprouted com, extracted at 65®C., pH 6, in the presence of 0.24% 
Na 2 S 03 . The most active part of the steep liquor was extracted from 
the com during the first 24 hours. 
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Introduction 

In previous papera we have pointed out that rats receiving alcohol 
under conditions of self-selection, drink more alcohol when a thermo- 
labile factor present in yeast is missing from their diet. This substance 
wo have called '‘Factor N''* (1). When rats receive yeast, liver, meat 
or wheat germ together with the deficient diet, the increased intake 
of alcohol is markedly reduced (2). Wo have also obser\’’ed that 
thiamin, riboflavin, pyridoxine, calcium pantothenate, niacin, inositol, 
choline or liver extract containing biotin, when given in adequate 
doses, either alone or as mixtures, do not reduce the alcohol intake of 
deficient rats (3, 4). We have not tried folic acid, but we have observed 
that factor N is not adsorbed by Norit A. Hence, we have claimed 
that factor N is a new member of the B-complex. 

Obviously we must establish a working unit for factor N. For 
\'arious reasons we have defined this working unit as: "That quantity 
of factor N producing a reduction in the avei'age alcohol intake per 
100 g. body weight of animal during the five days following the first 
(lose, (^qiial to 50% of the c^xtra intake during the five preceding days, 
if given daily, per os, for three consecuth''o days to each rat of an 

* When this paper was in press we knew of a paper by R. M. Calder (J, Path. 
BacL 355 1942) in which he pointed out the existence of a thermolabile factoi" 
in the vitamin B complex, which he also called "factor N,” whose presence in the diet 
favors the toxic effect of chloroform on the liver of rats under certain experimental 
conditions. There is no reason to consider Calderas "factor N” and our "factor N” 
the same substance, although both are thermolabile factors of the vitamin B complex 
other than thiamine. 
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experimental group whose alcohol intake has attained a regular level 
higher than 0.5 cc./lOO g./day because of the restricted diet.'' 

To compute the unit value when the assay shows effects higher or 
lower than that of one unit, we have used an empirical formula, 
deduced experimentally, until a more extensive study allows obtainance 
of a better expression (5). 

We are now able to obtain a sufficiently stable liver extract by the 
following procedure: 

Extract BH S.Ol. Fifty kg. of raw mashed beef liver are mixed with 
100 1. of water containing 330 ml. of sulphuric acid at pH 2. The 
mixture is heated to 65®C. and sufficient Ca(OH )2 immediately added 
to bring the pH to 5.0. The solids are separated by filtration and the 
liquid phase concentrated m vacuo and desiccated by spraying. Yield, 
640 g. 

If we assume the initial activity of liver used in this preparation 
to be equal to the average of the results of our previous testing of 10 
different samples of raw beef liver (unpublished data), i.c., 0.27 + 0.07 
units per g., the total actmty would have been 13,500 zb 3500 units; 
the actual yield was 640 X 2.6 (see below) = 1664 units, i.e., 12%. 
As a point of comparison, tests on 12 samples of dried yeast (Torula 
utilis) has shovm an activity of 1,29 =fc 0.23 U. per g. 

The present paper deals with the results obtained with varying 
doses of this liver extract on different groups of rats (27 determina- 
tions). 


Procedure 

Experimental animals are white rats bred in our laboratory, weighing 80 to 100 g. 
Each group of 3 to 6 rats was placed in a screen-bottom metal cage to prevent access 
to excreta. Rats have access to distilled water and to 10 and 20% by volume alcohol 
solutions placed in inverted graduated cylinders. The alcohol intake and animals’ 


weight were measured daily. 

The deficient diet is as follows: 

Commercial casein » 20 parts 

Sucrose 60 

Vegetable oil enriched in vit. A and D 15 

Dry treated brewer’s yeast « 10 

Salt mixture (Osborne and Mendel) 5 

* Commercial casein is free from factor N (6). 


^ Vegetable oil containing 60 units of vitamin A and 10 units of vitamin D per 
cc. added in the form of Haliverol, Parke Davis. 

* Dry brewer’s yeast autoclaved at 126°C., for 90 minutes at pH 9. 
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Alcohol intake, under these self-selection conditions, rises regularly during the 
first 15 to 30 days and is then stabilized at 0.5 to 1.0 cc. of ethyl alcohol per 100 g. 
body weight per day. When stabilization is reached, the group is ready for addition, 
per 08 , of the substance to be tested. Since the effect of thi*ee day dosage with factoi 
N only lasts for a few days, the group is ready for another test run after alcohol 
intake has been stabihzed again at high level. Control animals show an alcohol 
intake ranging from 0.05 to 0.20 cc. of ethyl alcohol per 100 g. body weight per day. 

In the 27 experiments we have used 19 different groups of animals. 


Calculations 


It is first* necessary to establish the effect of the added material on 
the substance used to compute the unit value. Fig. 1 shows the result 
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DAYS ON RESTRICTED DIET 


Fig. 1. Effect of Administration of Liver Extract on the Alcohol Intake of Deprived 
Rats. Arrows: 0.5g liver extract BH.S.Ol per os to each rat. 


of one assay. The shaded area represents the decrease in alcohol intake 
due to addition of the amount of factor N contained in 0.5 g. of liver 
extract. 

The maximum theoretical decrease would be measured by the area 
ABCD. The actual effect is then also a part of the theoretical action, 
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and can be expressed by the relation between the bhaded area and the 
area ABCD. But, as the maximum effect is never reached (i.e., the 
alcohol intake never roaches 0), it seems better to use the lower level 
as a basis of comparison. The study of more than 300 assays of various 
.substances shows that an alcohol intake of less than 0.05 cc./lOO g./day 
is exceptional with rats on the unrestricted diet. Then area A'B'CD 
represents the maximum observed effect. On this basis, we express the 
activity of a given dose of a substance by the quotient between the 
observed decrement in alcohol intake and the maximum possible effect. 
Then, if we call a, the total alcohol intake during the five preceding 
days, and b, the total alcohol intake during the five days following the 
first dose, both expressed in cc./lOO g./day, the activity will bo 

a — b 

A = 

o — (0.06 X 6) 

Using this criterion we can study the relationship l)etweon the 
activity shown by a substance and its dose. 

Results 

Table 1 shows the result of the measurement of the activity of varying 
doses of our liver extract BH. S.Ol. Though the figures show appreci- 
able fluctuations the relation between activity and dose is clearly 
linear. Statistical anals'bis, excluding the supramaximal value of the 
1 g. dose, gives for the trend, y — 1.3r, and for the correlation coeffi- 
cient, r = 0.934. 

In this particular liver oxtiact, the activity as computed from the 
above figures, is 1 unit in 0.38 g., i.e., 2.6 units per g. 


Discussion 


The linear trend allows us to compute the units in a given substance 
by a simple formula. From the definition of the imit we have, for a 
dose equal to 1 unit, effect A = 0.6. Hence, the number of units 
contained in a given dose will be 


2A = 


2(a - b) 
d — 0,25 


It is important to notice that, due to the fluctuations of the results, 
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it is advisable to use not less than three groups of rats and try doses 
the content of which is of the order of 1 to 2 units. 
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Introduction 

Wiggert et al (1940) outlined a comparatively simple method for 
obtaining cell-free extracts from bacteria by grinding the cells with 
powdered glass in a moi*tar and pestle. Later, the method was modified 
and put on a semi-mechanical basis by Kalnitsky et ah (1945). During 
the last few years, the modified method has been successfully applied 
in this laboratory to a number of genera of bacteria and yeast. This 
report comprises a description of the extracts obtained, especially 
vdth regard to the nature and variety of substrates attacked by the 
preparations. In addition, extracts from two species have been studied 
in sufficient detail to permit the observation that the properties of the 
extracts are greatly affected by the gro^iih conditions of the cells from 
which the extracts are obtained. 

Although necessaiily exploratory in nature, the data point the way 
to more detailed studies; and the preparations should prove especially 
valuable in investigations of mechanism where permeability difficulties 
are to be avoided. 


Methods 

The following medium has been satisfactory for the growth in large quantity of a 
wide vaiiety of bacterial .species: 1% glucose, 0.4^/f yeast extract, 0.8% K2HPO4 
and tap water. The last two items were sterilized in a separate flask. Occasion- 
ally, it may bo ncceasarj" to partially neutralize the K 2 HPO 1 before* growth is initi- 
ated. Unless otherwise specified, the bacteria used in these experiments wom gro^ 
in the above medium in ten-liter quantities for 20-40 hours at 30“C. The cells were 
harvested with the Sharpies supercentrifuge and treated with ground glass according 
to the method described in detail by Kalnitsky et al. (1945). The extracts were clari- 
fied, following the grinding process, by centrifugation on a Beams air-driven ultra- 
centrifuge (Beams, 1930) until reasonably dear preparations were obtained, although 
the time required to reach this state varied markedly with the species. 

407 
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Expenmentb wcie conducted in the usual Warbui*g apparatub at 30.4®C. In most 
cases, Ojruptako or acid production was measured. In the case of the formei, the 
center well of the flasks contained alkali. In the lattei case, the acid was deteimined 
by the liberation of CO 2 from bicarbonate buffer. Any CO 2 01 other gas produced 
win be included in this measurement. The other components of the flask are given 
in the material accompanying the individual tables. 

Sodium hexosecliphosphate was prepaied from the coinintucial barium salt and 
sodium pyruvate by carefully neutralizing a weighed amount of vacuum-distilled 
acid. Succinic acid was determined manometrically with succinic dehydrogenase 
(Krebs, 1937) or gravimetncally as the silver salt (Wood et al., 1942). 

Experimental 

Anaerobic Activity of Extracts of Propionibactenum. Extracts from 
Propionibacterium pentosaceum (49) metabolized several substrates 
both aerobically and anaerobically and thus denoted the presence of a 
large variety of enzymes. The properties of extracts from P. pento- 

TABLE I 

Activity of Extracts from Propiombactenwn pentosaceum 

Anaerobic Aerobic 

Extract from: Extract from: 

Substrate 24-hour cells 40-hour cells 24-hour cells 40-hour cells 


None 

106 

54 

58 

80 

Glucose 

333 

38 

99 

93 

Glucose -h 

206 

352 

— 

— 

Hexosediphosphatc 

pyruvate 

199 

627 

44 

83 

Fumarate 

147 

454 

53 

210 

Succinate 

50 

90 

117 

187 

Glycerol 

230 

13 

286 

13$ 

Lactate 

116 

39 

178 

317 


Activity e.xpreiabed ah cu. nini. Cih or Or uptake per hour per vessel. Each vebsel 
contained 1.2 ml. enzyme (for preparation see Kalnit&ky et alt 1945) and, expressed 
as final concentration. 0.03 Af substrate; 0.045 M NaHCO«; 0.05 M NasHPO* — 
KH 8 P 04 buffer (pH 6.8) in a total volume of 2.0 ml. Atmosphere 10% CO 2 in Nj or air. 

saceum are influenced markedly by the age of the cells from which the 
extracts are prepared. A summary of the results of a typical anaerobic 
experiment is presented in Table I. Extracts were prepared from cells 
aged 24 and 40 hours for tliis experiment. 

Anaerobically, the 24-hour extract has a considerable endogenous 
acid production, but the activity is increased by addition of glucose, 
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pyruvate, glycerol and slightly by fumarate. Hexosediphosphate 
(HDP) does not enhance the activity vdth glucose as the substrate. 
It has been shoun that the glycolytic activity of cell-free extracts 
from yeast (Meyerhof, 1918), brain (Utter et a/, 1945) and bacteria 
(Utter, 1942) is increased by addition of HDP. 

The 40-hour extract differs by exhibiting a lower endogenous acid 
production and a much higher rate on pyruvate and fumarate. On 
the other hand, glucose and glycerol no longer support acid production 
although addition of HDP to the former enables rapid glycolysis to 
occur. 

In general, three points of difference can be noted between the two 
extracts: (a) higher activity on pyruvate and fumarate in the 40-hour 
extract; (b) necessity of HDP for glycolytic activity in the 40-hour ex- 
tract; (c) cessation of activity upon glycerol in the 40-hour extract. 

Although HDP is necessary for glycolysis vdth the 40-hour extract 
and is not necessary udth the 24-hour extract, it does not necessarily 
follow that the two extracts possess different mechanisms of glycolysis. 
HDP may be necessary as a reservoir of organic phosphate during 
glycolysis if phosphatase actmty is high or, conversely, if esteiifica- 
tion reactions are slow (Utter et aL, 1945). It is interesting to note, 
however, that this particular organism was used by Wiggert and 
Workman (1939) in the demonstration of a NaF-insensitive glycolysis. 
There was some evidence to indicate that phosphoglyceric acid was 
not involved as an intermediate of glycolysis in the NaF-insensitive 
cells. 

The inability oi the older extract to utilize glycerol is unexplained, 
but it is possible that the inactivity signalizes the disappearance of 
one or more enzymes present in the 24-hou3* extract. The ability of an 
extract to utilize gly<‘erol should be of considerable aid in tracing the 
metabolic path of this substance. 

Neither preparation produced appreciable quantities of acid from 
lactate or succinate. 

Oxidative Activity of Propionibacteriim Extracts. Extracts from P. 
pentosaceum are able to oxidize several substrates (Table I) as de- 
termined by an increase in 02-uptake over the endogenous caused by 
addition of a substrate. Aerobically, the properties of the extracts are 
again affected by the age of the cells from which the extracts are pre- 
pared. The 24-hour extract oxidized glycerol and lactate rapidly, 
succinate and glucase slowly, pyruvate and fumarate not at all. 
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With an extract from older cells, the rate of oxidation on lactate 
and succinate is increased, and in addition, fumarate is now oxidized. 
Glycerol oxidation, however, is very slow and glucose oxidation has 
almost ceased. Pyruvate is unattacked as before. 

The marked aerobic activity is somewhat surprising since it has 
generally been found impossible to obtain complete oxidative systems 
in preparations free from larger particles. The extract used in this ex- 
periment was almost water clear, and it is not probable that particles 
of any considerable size were present. 

Both aerobic and anaerobic activities are affected somewhat simi- 
larly by cell age, strengthening the view that fundamental differences 
in enzymes (or coenzymes) exist between the two extracts. For ex- 
ample, the activity upon glycerol is much higher with the 24-hour 
extract both aerobically and anaerobically. In general, the activity 
upon pyruvate, lactate, fumarate and succinate increases with the 
40-hour extract. 

It has long been known that the enzymatic nature of bacterial cells 
is influenced by growth conditions (cf. review by Gale, 1943); most of 
these experiments have been carried out with intact cells and it has 
been impossible to weigh the role of permeability in such experiments. 
Woolridge et al, (1936) showed that the dehydrogenase activity of 
Escherichia coli suspensions is a function of age and that the highest 
activity is apparently obtained during the logarithmic phase of gro'wdih. 

Likewise, it is clear from Table I that differences exist between ex- 
tracts from cells of different ages. TJbe source of these differences is 
not certain. At least two explanations are possible: (a) fundamental 
changes may occur in the enzyme or coenzyme structure of the cells 
with age, and these changes are reflected in the extracts; (b) changes 
may occur in the ph 3 \sical properties of the cells which affect the me- 
chanical process of extract preparation and, hence, the resulting ex- 
tract. For example, the age of the cells may affect the grinding, 
extraction or centrifugation. 

In studies on the effect of pH of the growth medium on the enzymes 
of E. coli and Micrococcus lysodeikticus, Gale and Epps (1942) found 
that the enzymatic variation observed in the latter species could be 
shown either with intact or lysed cells. The authors thus concluded 
that tbe actual enzymatic nature of the cells had changed. 

Proteus Extracts. Extracts obtained from cells of Proteus morganii 
(M21) grown on the usual medium exhibited oxidative activity but 
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did not produce acid or gas anaerobically (Table II). The preparation 
is able to oxidize the four-carbon dicarboxylic acids and also lactic 
acid, although pyruvic acid and glucose are not oxidized by this 
preparation. 

In corresponding experiments not shovm, the extracts were found to 
produce negligible amounts of CO 2 from bicarbonate buffer in the 
presence of the same substrates listed in Table II. 

TABLE II 

Aerobic Activity of a Preparation Obtained from Proteus morganii (J/ 21) 
Substrate: None Glucose P 3 mivatc Lactate Succinate Fumarate 

Cu. mm. O 2 40 34 42 258 235 182 

Each vessel contained: enz 3 rme, 0.8 ml.; phosphate buffer, pH 6.8, 0.05 M; sub- 
strate, 0.03 M; total volume, 2,0 ml., plus 0.3 ml. 20% KOH in alkali well. Atmos- 
phere, air. Duration, 1 hour. 

Extracts from Escherichia coli. Extracts from Excherichia coli (E26) 
have been studied extensively in earlier reports (Kalnitsky and Work- 
man, 1943, 1944; Kalnitsky et aZ., 1943; Utter and Workman, 1941, 
1942, and 1944), and considerable information is already available 
concerning the enzymes found in extracts from this strain. However, 
no general survey of the activity of such extracts has been presented 
as previous work has been taken up with a limited number of specific 
enzymes. It is interesting to find that growth conditions play an im- 
portant role in determining the properties of the extracts as was the 
case with Propionibacterium. 

In contrast to extracts of Propionibactenum and Proteus^ extracts 
from E, coli have proved to be relatively inactive aerobically. Table 
III shows typical activity anaerobically on various substrates as in- 
dicated by gas production in bicarbonate buffer. 

TABLE III 

Activity of Preparation Obtained from Escherichia coli 




Glu- 

Py- 

Suc- 

Pu- 

Lac- 

Glyc- 

Substrate: 

None 

cose 

ruvate 

cinate 

marate 

tate 

erol 

Cu. mm. CO 2 
1st hour 

39 

710 

230 

48 

206 

23 

10 


Cells grown on glucose-yeast extract medium. 

Each vessel contained enzyme, 0.8 ml,; NaHCOs, 0.045 M; phosphate buffer, pH 
6.8, 0.025 M; substrate, 0.03 M; total volume, 2.0 ml.; atmosphere, 10% CO 2 in N 2 . 
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In this experiment the cells were grown on the usual glucose-yeast 
extract medium. Acid is produced very rapidly from glucose, and 
fairly rapidly from pyruvate and lumarate. The extract is unable to 
ferment succinate, lactate, or glycerol under the conditions of the 
experiment. 

It has been shown previously that pyruvate is converted to lactic, 
acetic and formic acids with this extract (Utter and Workman, 1944) 
and it is probable that glucose is fermented to similar products, at 
least qualitatively. The nature of the fumarate fermentation has not 
been investigated, but Krebs (1937) has shown that fumarate under- 
goes a dismutation to succinate and CO 2 with intact cells of this species. 

Effect of Giwoth Media on E. coh Extracts, In addition to the glucose- 
yeast extract medium (termed A) usually employed, extracts have 
been prepared from cells grown on two other media: (B) a glucose 
medium similar to (A) in which peptone replaces yeast extract, and 
(C) a non-carbohj’-drate medium of beef extract, yeast extract, etc. 

A comparison of the extracts from cells grown on various media is 
given in Table IV. Substitution of peptone for yeast extract has a 
considerable effect on the resulting extracts in that the activity is 
greatly reduced on glucose and disappears entirely with p 3 Tuvate as 
the substrate. Addition of hexosediphosphate aids only slightly wdth 
extract B. It is possible that the great diminution of activity observed 
here is due to a smaller store of the coenzymes of glycolysis in cells 
grown on the ^‘poorer’’ peptone medium. The fact that the addition 
of boiled jTast extract as a source of coenzjmes caused only a small 
increase in both extracts A and B (Utter, 1942) makes such an ex- 
planation unlikely". 

The extract obtained from cells gro^^^x on a non-carbohydrate me- 
dium (C) is inactive on glucose, but the activity on pyruvate is ex- 
tremely high. Little acid is produced from fumarate, but the extract 
can utilize gaseous hydrogen to reduce fumarate. Extract A is much 
less active in this respect. 

Epps and Gale (1942) showed that the presence of glucose in the 
culture medium influenced the activity of cell suspensions of E. coU 
by depressing the deaminase activity and increasing the ability to 
ferment glucose. The latter finding is in general accord with the dif- 
ferences observed in Table V with E, coli extracts. 

A comparison of extracts A and C with pyruvate as the substrate 
(Table V) reveals that the properties of this enzyme system in the two 
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extracts are quite dissimilar despite their common origin from the 
same strain of E. coli, and that both extracts have been shown to dis- 
similate pyruvate in the main by Reaction 1 (disregarding phos- 
phorylated intermediates) : 

H,PO* 

CHs CO-COOH -I- HsO ^ CH*-COOH + HCOOH (1) 

For example, differences between the extracts can be observed in 

TABLE TX 

Vauation in Extracts Obtained from E. coli Giown on Different Media 

Cu. mm. CO 2 in 1 hour by 
Substrate Extracts from cells grown on 


Glucosi' (0.01 M) 

Alodium A 

603 

Medium B 

117 

Alodium C 

Glucose + Hexosediphosphate 

632 

150 

30 

Pjn-uvate (0.02 M) 

361 

25 

— 

Pyruvate (0.016 M) 

— 

— 

301 

Pyruvate (0.03 AO 

— 

— 

530 

Succinate (0.03 M) 

48 

— 

22 

Fumarate (0.03 M) 

206 

— 

65 

Fumarate (0.03 J/) 

Cu. mm. H 2 taken up in 1 hour 
-74 , — -210 


Preparation A was obtained Irom cells grown in usual glucose-yeast extract medium. 

Preparation B was obtained from cells grown in usual medium except that the 
yeast extract ivas replaced by peptone. 

Preparation C was obtained from cells grown in the following medium: Beef ex- 
tract, 0.3^; yeast extract, 0.3^c; peptone, 0.3%; NaCl, 0.2%; tap water, 10%; 
distilled wat(‘r to volume; medium aerated during growdh. 

For experimentR measuring COj evolution: vessels contained enzyme, 0.8 ml.; 
KaHCOj, 0.045 M; substrated in indicated concentrations; HDP, 0.005 M; total 
volume, 2.0 ml.; atmosphere, 10^ o CO* in N 2 . 

For expt‘rinients measuring II 2 uptake: vessels contained enzyme, 0.6 ml.; sub- 
strate in indicated concentration; at luospheix*, H 2 ; total volume, 2.0 ml. 

activity, plf range, phosphate requirements and susceptibility to in- 
hibitors. To consider these differences in more detail:. the activity of 
extract C for the first 15 minutes is about thi*ee times that of extract 
A. The difference in the pH range is most apparent in the higher pH 
range. Preparation A retains 100% of its maximal activity at pH 7.6, 
whereas preparation C retains but 21% of the maximal value. Prepara- 
tion A has a phosphate optimum at 0.06 il/, whereas preparation C 
exhibits optimal activity at 0.018 il/. In part (d) of Table V, it can be 
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seen that preparation C is much more sensitive to inhibition by KCN 
than is A. The preparations differ in one additional respect, the ability 
to form succinate from pyruvate. Kalnitsky, Wood and Workman 
(1943) showed that succinate is formed from pyruvate by preparations 
similar to C, and by the aid of isotopic carbon have shown that CO 2 
is fixed in the succinate. 

An intei'esting question is opened by the different properties of the 
two extracts. Since the nutrients available for cell growth vary in the 


TABLE V 

Comparison Between Txao Pyruvate Enzyme Systems Obtained from E. coli 


Conditions 

Preparation A 

Preparation C 

(a) Kate of reaction: 

Cu. mm. CO 2 per first 15 min. 

Cone, of puruvate: 0.015 M 

— 

256 

0.02 Af 

84 

— 

0.03 M 

— 

318 

(b) pH effects: per cent of maximum ac- 

tivity retained at pH 7.5 

100 

20 

(c) Optimum phosphate 

concentration (M) 

0.05 

0.018 

(d) Per cent inhibition produced by con- 

centration of KCN : 0.0025 M 

7.0 

— 

0.005 M 

— 

95.0 

0.05 M 

12.0 

— 

0.01 M 

21.0 

— 

(e) Formation of succinate in mm. per 

100 mm. of pyruvate fermented 

trace 

12-14 


Tested as described in Table V for C02 evolution with indicated variations. (In 
(b), pH actually varied in the following manner: Enzyme preparation was origiitally 
extracted with water and phosphate buffer of appropriate pH was placed in vessels; 
atmosphere, N:; activity determined by analyzing for amount of pyruvate fermented.) 

two cases, it is possible that the protein composition of the resulting 
cells are altered. In the same tvay it is possible that a particular en- 
zyme system may be constructed from different components (amino 
acids, etc.) when the medium is varied, with resulting differences in 
properties. A study of amino acids and other components of purified 
enzymes may be necessary to decide this point. 

The differences in succinate production observed in the different 
E. coli extracts can also be demonstrated by using resting cells grown 
on different media. Krebs (1937) showed that E. coli forms large 
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amounts of succinic acid from galactose or pyruvate but very little 
from glucose. The effect of the growth medium has been more thor- 
roughly investigated and the results are sho\vn in Table VI. Cells 
grou n on an agar-beef extract medium as described by Krebs formed 
the largest amounts of succinate. Cells grovm in a liquid-beef extract 
medium formed fairly large amounts of succinate from pyruvate. 
Aeration had little effect. Addition of glucose to the medium greatly 
diminished the ability to form succinate. When the medium contain- 
ing glucose was kept alkaline at all times, the ability of the resulting 
cells to form succinate from pyruvate was not increased. 


TABLE VI 

Variation in AmourUs of Succinic Acid Produced by E. coli Grown in Vanoue Media 


Medium 


mM Succinic acid per 
100 mM pyruvic 
acid fermented 


1. Agar-beef extract 19.2 

2. Liquid beef extract 12.6 

3. Liquid beef extract plus aeration 11.5 

4. No. 2 plus glucose 8.9 

5. No. 2 plus glucose kept alkaline 3.4 

6. Glucose 4.2 


Medium 1: Beef extract, 1.0%; yeast extract, 0.5%; peptone, 1.0%; NaCl, 0.5%; 
agar, 3.0%; tap H 2 O, 10.0%. 

Medium 2: Beef extract, 1.0%; peptone, 0.4%; yeast extract, 0.5%; NaCl, 0,5%; 
tap H 2 O, 10.0%. 

Medium 3: Same as Medium 2 plus aeration. 

Medium 4: Same as Medium 2 plus 1% glucose. 

Medium 5: Same as Medium 2 plus 1% glucose and aeration. 

Medium 6: Glucose, '‘1.0%; peptone, 0.4%; K 2 HPO 4 , 0.8%; tap H 2 O, 10.0%. 


General Applicability of the Glass-Grinding Method. In addition to, 
the preparations from Propionihacterium, Proteus and Escherichia 
already described, active extracts from the following species have 
been obtained by application of the glass-gidnding technique in this 
laboratoiy. 

Aerobacter. Extracts from Aerobacter indologenes brought about the 
reduction of methylene blue by galactose, formate, fumarate, lactate, 
xylose, dihydroxyacetone and pyruvate (Wiggert et al., 1940). Prepara- 
tions from A. aerogenes were shown by Silverman and Werkman (1941) 
to form large quantites of acetylmethylcarbinol and CO 2 from pyruvate. 

Staphylococcus aureus. An extract from this organism causes a dis- 
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mutation of pjTuvate to lactic acid, acetic a(*i(l and C'Oo (Krampitz 
and Werkman, unpublished). 

Micrococcus lysodeikticus. Extracts from this orj^anism oxidize tu- 
marate and malate slo\\ly, but the rate is increased by addition ol 
methylene blue as a carrier. The same preparations are unable to 
oxidize pyruvate, acetate, succinate or glucose (Utter and Werkman, 
unpublished). 

Thiobacillus tino-oxtdans. This extract shows endogenous uptake of 
CO 2 and O 2 and the presence of sulfur increases the rate (Subtelny and 
Werkman, unpublished). The autotrophic nature of this organism 
makes this extract particularly interesting. 

Clostridium hutylicum, JiJi extract from this species produced acid 
anaerobically from fumarate, lactate, pyruvate and oxalacetato 
(BroATO et al, 1944). 

Mycotorula h'polyticum. This organism yielded an active lipase 
preparation which liberated butyric acid from ])iitter fat (Kalnitsky 
and Werkman, unpublished). 

Saccharomyces cerevisiae. An active extract was obtained from dried 
brewer^s yeast by moistening with a little water and grinding with 
glass. The carboxylase activity of this preparation was about one- 
third that of Lebedev juice from the same yeast. 

The method has been unsuccessful only with Lactobacillus arabinosus 
and L. casct, the extracts being only slightly active in most c‘ases on 
the substrates of Table I. 


Discussion 

It is evident that the glass-giinding method can be applied to a 
wide range of microorganisms. With a few exceptions the enzymes thus 
far demonstrated in extracts have been concerned with carboh 3 ’'drate 
metabolism. However, few attempts have been made to demonstrate 
enzymes involved in other metabolic areas. 

As has been pointed out previously (Kalnitsky et al, 1945), the 
glass-gi'inding method possesses the advantage that the equipment 
required is simple and inexpensive and involves only glass surfaces. 
The method has a disadvantage in that a considerable fraction of the 
bacterial cells are not disrupted by the procedure, necessitating their 
removal in most cases by centrifugation. All large cell fragments will 
also be removed by this procedure. In practice, therefore, the pro- 
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cedure has been limited to enzymes that are relatively soluble. There 
is no reason, however, that careful differential centrifugation cannot 
be employed to obtain fractions containing particles of desired sizes, 
thus extending the, procedure to other enzymes. 

Summary 

1. The glass-grinding method for preparing cell-free extracts has 
been applied successfully to 8 genera of bacteria and 2 genera of yeasts. 

2. Extracts from Propionibacterium, Escherichia and Proteus have 
been examined for activity on various substrates both aerobically ani 
anaerobically. Extracts from the first two genera vary markedly with 
the gro^vth conditions of the cells from which the extracts are prepared. 
With Propionibacterium, the age of the cells has a considerable effect 
on the nature and the activity of the enzymes of the extracts. With 
Escherichia extracts, the composition of the medium is showm to affect 
the properties of the enzyme systems present. 
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Introduction 

In recent years the biochemistry and enzymology of Fusaria have 
received considerable attention. These molds are characterized by the 
absence of significant amounts of organic phosphorus donors, by the 
presence of a powerful and diversified dehydrogenating system and by 
their ability to completely ferment hexoses as well as pentoses via 
pyruvic acid, bypassing the phosphoglyceric acid step. Moreover, 
they are able to reduce nitrates via nitrite to hydroxylamine, to 
utilize potassium cyanide or elementary sulfur, and to synthesize a 
variety of pigments which can serve as mediators between oxidation 
and assimilation. Some of these molds also possess a high thiamine 
content, abundantly convert carbohydrates into fats, and the action 
of certain enzymes present in them is somewhat inhibited by p-amino- 
benzoic acid (1). 

In the light of the versatility of the Fusaria and their enzymatic 
unsaturation, which prevent a close integration of their action, it was 
deemed advisable to attempt a renewed approach to the problem of 
the mechanism of wood decay. Comparatively few unequivocal and 
tangible facts (2) are available in this field. The functional description 
of certain enzsunes present in wood-attacking fungi appears to be 
somewhat haphazard. This, in turn, seems to be caused by a lack of 

‘For a preliminary report see: Nature 157, 335 (1946). Presented before the 
Division of Sugar Chemistry and Technology of the Am. Chem. Soo., Atlantic 
City, N. Ji, April, 1946. 

’ Present address: Consolidated Distilleries, E. Taunton, Mass. 

‘ Communication No. 44. 
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systematic deployment and to be due to the uncertainty of, or diffi- 
culty in, making a clear-cut subdivision of wood-destroying fungi. As 
a matter of fact, Bose (3) claims that, ol the wood-rotting organisms, 
only about two dozen have been studied with regard to their enzyme 
activity. 

Wehmer (4) aptly called the wood-destroying fungi the pioneers in 
a process which serves to reintroduce the gigantic wood waste into 
the basic cycle of utilization. Three general types of rot have been 
postulated in the breakdown of wood by fungi and, in the third form, 
again two sub-groups have been distinguished (5), viz,, those which 
destroy cellulose in preference to lignin and those which attack 
cellulose and lignin, Waksman (6) states that the mechanism ot 
cellulose degradation by bacteria and fungi is not fully understood 
because intermediary substances have been but rarely isolated. 
Accordingly”, it was considered desirable to attempt a preliminary 
attack on the problem in its fundamentals and fii;st to deploy the 
course of oxidation of glucose, xylose, raffinose and cellulose by certain 
Merulia and by Fames annosus. 

Experimental 

The molds studied in this investigation were the following: Merulius 
niveus (Meni), Merulius iremellosus (Metre), Merulius confluens 
(Meco) and Fames annasus (Foman), They are commonly known as 
wood-rotting fungi. The cultures w”ere obtained thi’ough the courtesy 
of Dr. William J. Robbins of the New York Botanical Gardens and 
were, according to information received from Dr. F. Kavanagh, 
previously maintained on a medium consisting of malt extract, Difeo, 
20.00 g., agar 15.00 g. and water to one liter. 

All the chemicals used were of tested purity grade. The cellulose 
was chemically prepared Whatman ffiter paper No. 2, made in England. 

Establishment af Grawth Conditians 

Growth Factors, In exploratory experiments the eflPect of p-amino- 
benzoic acid (7), nicotinic acid, inositol, desthiobiotin and thiamine 
(8) on these molds was investigated. It w”as established that it was 
necessary to add thiamine (9) to the chosen medium to ensure a 
growth satisfactory for the study of enzyme action. Metals, such as 
zinc, copper, iron or manganese, wffien used in traces, did not show 
any measurable eflEect on the growth. 
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Nitrogen Sources- Among the nitrogen sources used, peptone, urea 
an^l asparagine proved the most utilizable for these molds and supported 
an abundant growth. Potassium nitrate, sodium nitrate, ammonium 
nitrate, ammonium sulfate and ammonium phosphate, containing 
inorganic nitrogen, were, contrary to their utilization by Fitsaria (1), 
poor nitrogen sources. The molds grew very slowdy and with a scanty 
mycelium. 

Carbon Sources, Glucose and xylose proved excellent carbon sources 
for all four organisms. RaflSnose, cellulose, in the form of filter paper, 
and inositol supported growth of all four organisms. 

These molds were able to attack spruce wood and red wood when 
ammonium sulfate or ammonium phosphate was used as a nitrogen 
source. Hemlock and spruce wood were also attacked more successfully 
when the nitrogen utilized was derived from peptone. Pine and cedar 
wood were not visibly attacked. 

Experimental Conditions and Microbiological Methods 

The following semi-synthetic medium was finally adopted for stock 
cultures, preparations of inoculum, qualitative and quantitative 
experiments: 

1.50 g. Peptone 
1.50 g. KH 2 PO 4 
0.50 g. MgSOrTHsO 

30.00 g. Glucose U.S.P. or 

Raffinose or 

20.00 g. Xylose or about 

24.00 g. Cellulose 

2.00 mg. Thiamine hydrochloride 
Tap water to 1000 ml. 

Stock cultures of these organisms were also maintained in which 
peptone was replaced by an equal amount of asparagine, urea or 
potassium nitrate. All four organisms were also cultivated in a peptone 
medium containing xylose or raffinose. 

The molds were subcultured in the above mentioned media every month. Inocu- 
lations were made with a mycelial spore suspension prepared by growing the molds 
on a solid medium contained in a 125 ml. Eiienmeyer flask. The medium for this 
purpose was the same as above, supplemented by Difco agar for solidification. 
After growth had progiobsed for a period of about two veeks, 50 ml. of sterile, 
distilled water was added to each flask containing the solid medium and spoic- 
mycelial suspensions prepared by scraping the surface of the plate. Usually 1 ml. 
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of the mycelial-spore suspension was added for each 50 ml. of medium. Occasionally 
inoculations were made with bits of mycelium as in qualitative experiments. 

Stock cultures were maintained, gro^vth experiments and quantitative experiments 
were carried out in 125 ml. Pyrex Eiienmeyer flasks, using 50 ml. of media for aerobic 
experiments and 100 ml. for experiments carried out in a nitrogen atmosphere. 
Experiments with cellulose and wood were performed in 500 ml. capacity Fernbach 
flasks with 100 ml. of medium; those involving identification and isolation of meta- 
bolic products in Fernbach flasks of 3 1. capacity, containing one liter of medium. 

Flasks, in which experiments under aerobic conditions were carried out, were 
plugged with non-absorbent cotton, while in incubating experiments conducted 
anaerobically, the flasks were plugged with a two-hole rubber stopper fitted with 
tw^o glass tubes bent at right angles, connected by means of rubber tubing and 
flushed with nitrogen taken from a tank and subjected to passage through a mercuric 
chloride solution. 

The media were steiilized, according to requirements, at 20 lbs. pressure for 20 
minutes or more, depending on the depth of the medium in the flask. Substances 
which would have been materially affected by pressure sterilization and pH were 
added with sterile technique in a solution of sterile distilled water. 

The molds investigated were incubated at 28°C. in the dark. 

Analytical Methods 

The contents of at least three flasks were taken together for analyses made in 
duplicate. Uninoculated blanks were analyzed simultaneously. 

Carbohydrates, Glucose and raffinose were determined quantitatively by means 
of a polarimeter. As the peptone used had a slight negative rotation the glucose left 
unfermented was frequently determined by the copper reduction method (10). In no 
case were measurable deviations found. Xylose, having a low specific rotation, 
was analyzed by the copper reduction method of Lehmann-Maquenne-Schoorl (11). 

Ethyl Alcohol was determined by the oxidation method of Janke and Kropaesy (12). 
In our procedure, carbohydrates were removed by precipitation with Ca(OH) 2 - 
CUSO 4 (13). Possible interference of aldehydic compounds was prevented by addition 
of a small amount of silver sulphate before distilling the ethanol. 

Acetic acid -was removed from the acidified media by steam distillation and an 
aliquot titrated with 0.01 N NaOH to the phenolphthalein end point. 

Phosphate was determined by the method of Fiskc and Subbarow (14). 

Other special methods will be discussed in the course of the presentation of results. 

Mycelial Weights w^ere determined by filtering the mycelia by means of fared 
porous alundum crucibles, washed with several portions of water (total volume 
150 ml.), dried overnight in an oven at 00®C. and W’eighed. 

All pH determinations were made elect rometrically, using a glass electrode. For 
adjustment of the pH KOH or H3PO4 was used. 

Detection and Identification of Metabolic Products of 
Glucose Dissimilation 

Procedvre, As previously mentioned, qualitative experiments were carried out by 
fermenting one liter of medium in three liter Fernbach flasks. When it was noticed 
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that a substantial change had taken place, th(‘ modium was separated from the 
synthesized mycelium by filtration, the pH and glucose dot(‘rmined in an aliquot, 
and the remainder neutralized and immediately fractionated, using a 2 foot frac- 
tionating column. The collected distillate was brought to a definite* volume, usually 
250 ml., or further concentrated and analyzed for volatile neutral products. The 
residue was analyzed for nonvolatile acids and, in case of scarcity, a portion utilized 
for determination of volatile acids. These acids, in general, were detected and analyzed 
in the untreated portion of the filtrate. 

Volatile Neutral Products 

Alcohols. An aliquot of the distillate was oxidized with dichromate 
and sulfuric acid for an hour at 40®C. on a water bath. The mixture 
was steam distilled and, in one part of the distillate, the distribution 
constant (15) determined. The remaining distillate was subjected to 
Duclaux distillation (16).* The constants obtained pointed to the 
presence of ethyl alcohol and simultaneously indicated the absence of 
methyl alcohol or higher alcohols. The alcohols obtained from Meni, 
Metre and Foman were identified on the 13th day of growth, and 
from Meco on the 20th day of growth. 

The alcohol produced by the latter mold was further identified on 
23rd day of growth by a derivative. Two liters of medium were 
fractionated and concentrated to small volume and p-nitrobenzoyl- 
chloride added. The crude derivative melted at 63-56®C. After three 
recrystallizations from dilute alcohol the melting point was 56~57°C.; 
N found 7.18%; calc. 7.44%. 

Aldehydes. Among the aldehydes isolated without interception was 
acetaldehyde. Tests for formaldehyde vdth chromotropic acid (18) 
were negative. Acetaldehyde was qualitatively detected with the 
piperidine nitroprusside test (19) on the 11th and 17th day in the 
first 30 ml. of the fractional distillate. The test proved very strong in 
the case of Meco, weaker with Men and Metre and only a trace of 
coloration was observed with Foman. 

The acetaldehyde w'as therefore best identified with Meco. On the 
14th day of growiih 1 liter of medium was fractionated as above and 
to the first 100 ml. of distillate 2,4-dinitrophenylhydrazine in 2 AT HCl 
w^as added. The voluminous flocculent precipitate was collected and 
amounted to 32 mg. of the 2,4-dinitrophenylhydrazone, M.P. 147®C. 

■* Whittier and Sherman (17) make the following statement: *'The Duclaux method 
gave very consistent results; it is difficult to understand why investigators so fre- 
quently attempt to modify it.” 
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(20). In the case of Meri and Metre the 2,4-(linitrophenylhydra2ine 
reagent only gave rise to a slight opalescence. 

Other Compounds. When, however, the same reagent was added to 
the first distillate obtained with Foman, the deposition of an abundant 
red precipitate was observed. The precipitate was allowed to stand 
over night, filtered and dried in vacuo. Forty-five hundredths mg. of 
crude 2,4-dinitrophenylhydrazone was obtained from the fractional 
distillate of the medium, having a melting point of 198°C. This 
compound is formed when Foman is grown on either a solid or a 
liquid medium and isolated after steam distillation and ether extrac- 
tion. In the first case the medium, together -with the mycelium, was 
subjected to the distillation and then extracted. In the second case, 
only the mycelium was steam distilled and the medium was directly 
extracted. The 2,4-dinitrophenylhydrazone has a M.P. of 208®C. 
after repeated recrystallizations from alcohol. 

Two microanaJyses of products of two independent series of experi- 
ments gave the following values: 

C = 59.86% H = 4.75% N = 13.07% 

C = 60.03% H = 4.65% N = 13.75% 

Considering the analyses, a possible overall formula for the base would 
be C14HUO2. The pure base has a low melting point and is very 
soluble in ether, soluble in alcohol and insoluble in ivater. The isolation 
of such a compound could indicate that, in addition to the enzymes 
of oxidation, an enzyme perhaps capable of bringing about a true 
C-C linkage may also be present in Foman. 

Volatile Adds. The volatile acids w'ere identified by steam distill- 
ing a portion of the medium strongly acidified with H2SO4. In the 
distillate the partition constant was determined and the remainder 
was subjected to fractionation. These determinations seived to estab- 
list the presence of and identify acetic acid which gave the highest 
yields in the case of Meco. Overall data on the acetic acid accumulation 
are presented below: 

Meni Metre. Meco Foman 

Traces 6.8 mg./100 ml. 24 mg./100 ml. 5.2 mg./100 ml. 

The determination was run on the 17th day. 

In Table I a record of an experiment completed on the 30th day 
is presented: 
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TABLE I 



pH 

Glucose 

left 

Alcohol* 

IMycelium 

wt.** 

Acetic 

Acid** 

JVIeni 

3.7 

1.90 

8.8 

291.7 

none 

Metre 

3.2 

1.53 

6.9 

182.7 

2.42 

Meco 

— 

1.53 

2.80 

68.5 

23.4 

Fomau 

3.5 

2.10 

8.1 

26.8 

— 

Blank 

4.95 

3.20 

— 

— 

— 


* Results expressed in mg./lOO ml. ^ Glucose expressed in g./lOO ml. 

The accumulated acetic acid amounts, in the case of Meco, to 1.49% 
of the glucose which has disappeared. 

Nonvolatile Acids. The residue from the distillation of the neutral 
products was concentrated to small volume in vacuOj evaporated to a 
symp on the steam bath, mixed with anhydrous Na 2 S 04 and extracted 
with ether in a Soxhlet apparatus for 16 houi‘s. The ether was again 
evaporated, the residue taken up in water and brought to a definite 
volume. Attempts to detect and identify pyruvic, citric, tartaric and 
oxalic acids on the 11th, 17th and 30th day of degradation were 
futile. The specific test for the identification of 1,2-dicarboxylic acids 
^nth freshly sublimed resorcinol and cone, sulfuric acid was, however, 
positive, indicating the presence of succinic acid. 

Quantitative Experiments 

To establish quantitative relations in the carbohydrate degradation 
caused by the four molds, the influence of the initial pH was investi- 
gated in the peptone-glucose medium mentioned above. From the 
data recorded in Table II it can readily be seen that the wood-rotting 
molds under investigation have a range of growth reaching approxi- 
mately from pH 3 to pH 8, the optimum pH for all the organisms 
being on the acid side as could be expected for such microorganisms. 
An initial pH of 5 was, therefore, chosen in all quantitative experiments 
presented. 


Glucose Fermentation 

In the glucose dissimilation the ethyl alcohol accumulated is in the 
ratio of 1:2. For one mole of glucose utilized, two moles of ethyl 
alcohol are obtained. (See Table III.) Larger accumulations of alcohol 
were especially noticeable with Meco, On cultivating this fungus on 
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Results expressed in or mt?. per 100 ml of medium. 
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TABLE III 


Results of a Representative Glucose Fermentaiion 


Day 

Meni 

Metre 

Meco 

Foman 

Glucose 

Alcohol 

1 

Oi 

Glucose 

Alcohol 

Myceliiun 

W 

P4 

Glucose 

Alcohol 

Mycelium 

A 

Glucose 

Alcohol 

B 

1 




mg. 

mg. 


g^ 

mg. 

mg. 



mg. 

mg. 


Q* 

mg. 

wm 


MM 

2.S3 

— 

— 


2.83 

— 


5.0 

2.83 

— 

— 

5.0 

2.83 

— 

wm 

6.0 

5 

2.77 

6 

10 


2.59 

78 

27 

CWilil 

2.64 

63 

26 

4.90 

2.73 

6 

14 

5.08 

8 

2.65 

32 

48 

4.92 

2.19 

163 

137 

4.23 

2.35 

134 

132 

4.22 

2.70 

21 

35 

4.87 

11 

2.61 

msm 

160 

4.54 

2.34 

133 

164 



162 

205 

3.98 

2.67 

8 

113 

3.90 

13 

2.36 

107 

250 

4.30 

2.31 

46 

281 

3.66 

2.01 

135 

286 

3.72 

2.38 

3 

265 

3.72 

15 

2.26 

117 

274 

4.23 

2.26 

26 

331 

3.90 

2.13 

68 

306 

3.90 

2.28 

8 

265 

3.60 

17 

1,98 

118 

309 

4.08 

2.09 

24 

371 

3.68 

1.82 

80 

386 

3.85 

1.98 

10 

312 

3.62 

20 

1.84 

67 

402 

4.02 

2.10 

15 

374 

3.70 

1.89 

8 

461 

3.90 

1.97 

none 

349 

3.72 

24 

1.58 

none 

441 

4.07 

1.84 

7 

432 

3.70 

1.57 

8 

388 

3.80 

1.43 

none 

353 

3.70 

28 

1.22 

none 

492 

3.95 

1.85 

6 

410 

3.69 

1.63 

7 

401 

3.86 

1.32 

none 

397 

3.68 


Eesults expressed in g. or mg. per 100 ml. of medium. 


the glucose-peptone medium the mycelium developed partly sub- 
merged, bringing about significantly diminished losses of ethyl alcohol 
due to dehydrogenation occurring in the course of the degradation of 
glucose. When a culture that had been subcultured was compared 
with one which did not undergo many subcultivations, it presented 
unaltered morphological characteristics. Meri, Metre and Foman, on 
the other hand, seem to show that the alcohol formed is rapidly 
dehydrogenated. This is readily seen with Foman, in which case the 
amounts of alcohol actually accumulated are very small. 

The dehydrogenation of the alcohol was further evidenced in 
experiments (Table IV) in which alcohol was the sole carbon source 
and in experiments under nitrogen which will be described later. 


TABLE IV 

Dehydrogenation of Ethanol After Days by Menif Metres Meco and Foman 



Ethanol present 

Ethanol utilized 

Mycelial weight 

Blank 

139.69 

0.0 

0.0 

Meni 

60.7 

79.0 

73.0 

Metre 

85.2 

54.0 

42.0 

Meco 

113.6 

26.0 

8.0 

Foman 

65.9 

83.7 

34.0 


Results expressed in mg./l(K) ml. 
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Xylose Fermentation 

From Table V, recording data of a xylose oxidation, it can be seen 
that Meni gave lise only to traces of alcohol. The pH trend in the 
course of the xylose dissimilation by this mold was somewhat unusual, 
viz,^ the pH followed the usual course of decrease only after an initial 
increase, thus enabling a faster degradation. With Metre and Meco 
the accumulation of alcohol during the degradation of xylose was 
comparable to that obtained from glucose. With Foman, again no 
alcohol was found to have been accumulated, indicating that the rate 
of dehydrogenation of alcohol practically equals the rate of formation. 


TABLE V 

Fei'merdoMon of Xylose 




Mem 



Metie 



Meco 



Foinau 


1 

1 

*0 

•§ 

w 

< 

Mycelium 

1 

S 

Xylose 

Alcohol 


a 

1 

Pi 

Xylose 

1 

B 

1 



Alcohol 

Mycelium 

US 

Pi 

0 1 

2.08 

mg. 

mg. 

1.80 

Q. 

2.08 

mg. 

mg. 

4.80 

0- 

2.08 

rr^. 

mg. 

H 

a. 

2.08 

mg. 

mg. 

4.80 


1.97 

7 

6 

4.82 

1.82 

55 

30 

4.50 

1.91 

28 

17 

4.70 

2.06 

none 

0 

5.10 

7 

1.98 

7 

7 

4.94 

1.68 

81 

92 

4.18 

1.61 

81 

81 

4.30 

2.00 

none 

10 

5.2 

9 

1.99 

3 

10 

5.12 

1.40 

130 

143 

4.10 

1.62 

90 

126 

4.18 

1.95 

none 

33 

5.05 

11 

1.97 

none ' 

81 

5.18 

1.31 

153 

199 

4.08 

1.37 

108 

169 

4.12 

1.96 

none 

44 

4.80 

13 

1.71 

none 

153 

4.45 

1.18 

144 

256 

4.0 

1.20 

113 

210 

4.05 

1.92 

none 

70 

4.82 

15 

1.68 

none 

169 

4.22 

1.09 

81 

274 

39 

1.02 

132 

259 

4.0 

1.85 

none 

66 

4.S2 

17 

1.27 

none 

238 

4.30 

0.97 

71 

346 

3.9 

1.04 

77 

336 

3.85 

1.71 

none 

142 

4.35 

25 

0.19 

none 

365 

4.02 

0.66 

none 

459 

3.6 

0.74 

none 

375 

3.6 

1.72 

none 

151 

4.08 


Values expressed in g. or mg. per 100 ml. of medium. 


Although no carbon balance was made as in the glucose fermenta- 
tions, it appears probable that the xylose fermentation satisfies the 
ratio 1:1, i.e., one mole of xylose giving rise to one mole of alcohol 
as in Fusaria fermentations. 

Raffinose Fermentation 

Meni attacked Raffinose successfully in comparison ^vith glucose 
(see Tables Via and VIb). The trisaccharide was more rapidly utilized 
and, despite this rapid disappearance, the amount of alcohol accumu- 
lated was lower than in the parallel experiment with glucose. More- 
over, the growth expressed by mycelial weights was lower than in the 
glucose experiments. This is in agreement with the higher rate of 
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TABLE VI A 
Fet mentation of Raffinose 


Day 

Mcni 

Metre 

t 

Meoo 


Foman 

Raffinose 

Alcohol 

MyceKum 

A 

1 

« 

1 

! 

S 

03 

1 

Alcohol 

A 

A 

1 

Alcohol 

Mycehiun 

A 


a- 

mg. 

mg. 



mg. 

mg. 


g- 

mg. 

mg. 


0- 

mg. 



0 

3.07 

— 

— 

5.30 

3.07 

— 

— 

5.30 

3.07 


— 

5.30 

3.07 



mm 

6.30 

7 

2.91 

8 

19 


3.00 

3 

16 


3.06 

12 

17 

5 10 

3.05 

trace 

19 

6.2 


2 67 

15 

66 

4.92 

.3 09 

none 

32 

4.38 

3.09 

trace 

IS 


3.06 

none 

42 

4.8 

11 

2.37 

27 

140 

4.68 

3.07 

none 

43 

4.20 

3.11 

none 

27 

5.20 

3.09 

none 

71 

4.5 

14 

2.32 

66 

266 

4.28 

3.08 

none 

61 

4.20 

3.12 

none 

25 

5.56 

iM] 

none 

155 

4.2 

17 

1.79 

22 

321 

— 

3.10 

none 

73 

4.68 

3.07 

none 

46 


2.90 

none 

198 

4.0S 

21 

1.56 

10 

380 

4.12 

3.05 

none 

93 

4.64 

3.06 

none 

71 

4.75 

2.77 

none 

237 

3.96 


Results expressed in g. or mg. per 100 ml. of medium. 


fermentation of trehalose (21) as compared with that of glucose by 
Fusarium Uni B, 

Metre and Meeo proved incapable of fermenting raffinose to any 
measurable degree. Foman after a weak initial growth did utilize 
raffinose to a small extent. 

Cellulose Fermentation 

No intermediate products and only traces of alcohol were found to 
accumulate in the first days of aerobic cellulose utilization by these 


TABLE VI B 
Fermentation of Glucose 


Day 

Mom 

Motie 

Meco 

Fonun 

1 

J 

O 

Alcohol 

a 

1 

$ 

r<i 

M 

a 

I- 

0 

O 

Alcohol 

Mycehum 

W 

Glucose 

Alcohol 

Mycelium 

a 

Glucose 

Alcohol 

Mycelium 

S 

a 


0- 

mg. 

mg. 


ff. 

mg. 



g- 



mm 

wm 

mSIm 



0 

2.84 





5.07 

2,S4 

— 

mm 

5.07 

2.84 

— 

— 

5.07 

2.84 

— 

— 

5.07 

7 

2.76 

30 

28 

3.00 

pitni 

73 

80 

4.77 

2.68 

66 

22 

4.68 

2.81 

11 

15 

4.95 

9 

2.66 

59 

92 

4.56 



SS 

4.40 

2.60 

107 

33 

4.54 

2.78 

24 

37 

4.90 

11 

2.39 

97 

261 

4.43 

2.64 

RSI 

120 

4.26 

2.36 

200 

71 

4.24 

2.75 

31 

91 

4.38 

14 

2.26 

135 

336 

4.35 

2.55 

48 

237 

3.94 

1.98 

367 

89 

4.10 

2.64 

40 

177 

3.83 

17 

2.12 

138 

367 

4.19 

2.55 

28 

285 

3.59 

1.27 

694 

137 

3.94 

2.55 

22 

255 

8.80 

21 

1.84 

14 

515 

4.12 

2.26 

26 

357 

3.68 

0.34 

992 

133 

3.95 

2.13 

21 

330 

3.62 


Results expressed in g. or mg. per 100 ml. of medium. 
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organisms, although good growth was apparent. Analyses were per- 
formed on the 8th, 13th, 17th, 21st, 24th and 41st days after inocula- 
tion. This observation is, no doubt, due to the fact that the rate of 
dehydrogenation of the alcohol formed equals or exceeds the rate of 
cellulose degradation limited by Its rate of diffusion. 

Anaerobic Fermentaiion of Glucose, Xylose, Raffimse and Cellulose 

The fermentation of glucose, xylose, raffinose and cellulose was 
studied anaerobically under nitrogen to establish the effect of the 
absence of a hydrogen acceptor on the degradation of these substrates 
and on the possible accumulation of intermediates. 

TABLE VII 


Anaerobic Fermeniaiion of Glucose, Xylose, Raffinose and Cellulose 


Day 


Meni 

Metre 

Meco 

Foman 

Glucose 

1 

S 

S 

1 

Glucose 

Xylose 

i 

j 

§ 

Glucose 

1 

S 

CeUulose 

Glucose 

Xylose 

1 

i 

m 


4.78 

4.77 

5.26 

1^ 

4.78 

4.77 

5.25 

6.20 

4.78 

4.77 

5.25 

6.20 

4.78 

4.77 





2.83 

1.97 

2.85 


2.83 

1.97 

2.86 


2.88 

1.97 

2.85 


2.83 

1.97 




Substrate, g. 

2.41 

1.81 

EE9 


1.68 

1.24 

m 


2.50 

1.92 

2.83 



1.92 




Alcohol, mg. 

176 

15 

107 

281 

Rilil 

187 

64 

119 

131 

9 

6 

4 

123 

10 

21 

3 

40 


none 

— 


none 

10.2 

— 

— 

trace 

18 

— 

— 

trace 

trace 


— 

trace 



19 

6 

77 


89 

25 

33 

— 

24 

2 

6 

— 

38 

9 

8 



pH 

4.48 

4.95 

1^ 

4.7 

3.88 

3.90 

3.90 

mm 

4.53 

4.77 

5.6 

6.7 

4.66 

5.14 

5.15 

5.42 


Substrate, g. 

0.82 

1.73 

1.78 


1.28 

EES 

2.08 


2.46 

1.77 

2.79 


2.64 

1.77 

2.69 



Alcohol, mg. 

66 

none 

84 

388 

612 

123 

181 

166 

133 

12 


none 

25 

4 

23 

trace 

EDI 

Acetic Acid, mg. 

none 

none 

none 

none 

3 

none 

6 

none 

24 

none 

none 

none 

none 

none 

none 

none 


Mycelium, mg. 

253 

11.5 

8.0 

— 

86 

173 

50 

— 

7 

17 

38 

— 

8 

13 

11 

— 


pH 

4.19 

4.90 

4.66 

4.6 

3.90 

8.95 

4.12 

Im 


4.85 

5.25 

7.30 

4.62 

4.96 

5.25 

5.7 


Values expressed in g. or mg. per 100 ml. of medium. 


In general, as was to be expected, less growth was noted than in 
aerobic fermentations. (See Table VII.) 

This is especially true when we compare the weights of the myceha 
synthesized by the organisms. However, more alcohol was accumulated 
in the absence of oxygen. This is noticeable in the case of Foman, 
in which, under anaerobic conditions, the alcohol dehydrogenation 
is slowed down. 

When glucose was used as a substrate a yield of more than 80% was 
usually obtained. The accumulated acetic acid on the 60th day 
amounts, in the case of Meco, to 6.3% of the glucose disappearing. 
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This exceeds the value obtained under aerobic condition more than 
four times. 

Xylose was also fermented anaerobically giving rise to an alcohol 
accumulation comparable to the amount obtained in the presence of 
oxygen. In the case of Meni the glucose utilization was slower, re- 
sembling the results obtained aerobically. 

Raffinose, as was pointed out before, generally disappeared faster 
than glucose in the first 40 days of fermentation with the same organ- 
ism. However, the glucose utilization was more extensive on the 60th 
day of analysis. Large quantities of alcohol were accumulated with 
Meni in these fermentations, when carried out under nitrogen. 

Cellulose in the form of filter paper did give rise to an accumulation 
of large amounts of alcohol with Meni and Metre and of a slight 
amount with Foman. The actual extent of cellulose disappearance was 
not determined. Visual observation indicated, however, an excellent 
growth with Meni and Metre and a satisfactory growth with Foman. 
Meco did not appear to attack this carbohydrate. 

Phosphorylation Experiments 

As was observed in this laboratory in the case of trehalose when 
fermented with Fusarium Uni B. (21), the rate of dissimilation of 
raffinose by Meni was much higher than the rate of fermentation of 
glucose. In the case of Fusaria it is also known that their saturation 
with organic phosphorus donors, as compared with yeasts or B. edi, 
is practically insignificant (22). A rather simple chemical splitting 
instead of the detour of phosphorylation may, therefore, be considered 
as the major pathway of the enzymatic carbohydrate degradation by 
these molds %n vivo. 

In some cases, on the other hand, it was experimentally proven 
(23, 24) that the extent of utilization of a substrate is influenced by 
the rate of diffusion of that substrate through the cell membrane. 
In order to attempt a clarification of the observation that a hexose is 
dissimilated by Meni at a slower rate than raffinose, phosphorylation 
experiments were carried out in the presence of creatine, which could 
serve as an excellent acceptor for phosphate to be removed via an 
organic phosphorus donor system present and active in our molds, 
however unsaturated in this regard they may be, 

Meni was grown either on glucose or raffinose with three different 
nitrogen sources — ^peptone, urea, and asparagine — ^in the usual, but 
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enzymatically unfortified medium. At the end of the 17tli day of 
growth the disappearance of glucose, raffinose, pH and mycelial 
weight were determined (Table VIII). The raffinose disappearance 
was again more rapid in all three media used than in glucose: 

Exp&iment No. 1. On the 17th day the mycolia of Men grown on glucose^ and 
raffinose separately, with asparagine as nitx’ogen source, were washed, transferred to 
sterile distilled water containing the same amount of asparagine, MgS 04 and 200 mg 
of creatine hydrate (Eastman Kodak) per liter. Aftei 120 hours the phosphate^ 
uptake was measured. No phosphate was found to be accepted by the creatine. 

Experiment No. 2. On the 23rd day of growth the same experiment was repeated 
with the exception that 1.5 g. /liter of KH 2 PO 1 was added with the usual 200 mg. of 
creatine. The phosphate was measured after 12 and 21 houre and again no phosphate 
uptake was observed. 

Experiment No. 3. At the 24th day ot growth the same amount of creatine was 
added to the mold left in the original medium and the phosphate measured before 
and after 12 hours. Again no phosphate uptake was noticeable. 

Making due allowance for the unavoidably unsatisfactory conditions 
of incubation, the presumedly rather insignificant amounts of organic 
P donors present in our molds, and the sensitiveness of the creatine 
4 =^ phosphocreatine equilibrium, it would appear at present that 
phosphoiylation does not constitute an integral part of the phase 
sequence of carbohydrate degradation by wood-rotting fungi. 

We might, however, venture the assumption that Meni, without 
previous training of the organism, as well as Fusaria — in view of the 
well known fact that cells may differ in their permeability to the same 
molecular species from 100-fold to 10,000-fold — may permit in the 
prevailing dilutions {a) a more rapid diffusion of some of the Iiigher 
carbohj^'drates and that these sugars are {h) fermented directly and, 
hence, more quickly. This conclusion is amplified by the fact that 
mycelial weights obtained with ]Meni are, when grown on peptono- 
raffinose, even lower than those obtained when grown on peptone- 
glucose. 

**It appeals to be noteworthy that Doudoroff (25a), when ieimeniiug tiehalobo, 
beheves he has demonstrated the presence of an intracellular hydrolytic enzyme in 
Ps. Saccharophila and reasoned that polysaccharides are primarily split by a phos- 
phorolysis. However, in the case of raffinose, the same author (25b) stale'j that 
practically no hydroljrtic or phosphorolytic enzymes catalyzing its bieakdown woie 
found in his organism. It also should be noted here that in the case of levulan syn- 
thesis by cell free enzyme preparations of Leuconostoc (25c)— in which suciose 01 
raffinose may be the substrate — no mediation of any phosphorylated sugar is 
required. 
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TABLE VIII 


Com pan non of Glucose atvd Rajfinose Utilization hy ^feni in the Presence 
of Different Nitrogen Sources 



Suf?ai piosent 

Pll 

Alcohol 

Mycelium 

wt. 

Medium 







.0 Dav 

17th Day 

0 Dav 

17th Day 

17th Daj’- 

17th Daj 

Glucose, Peptone 

3.11 

1.91 

5.2 

4.05 

75.4 

387 

Raffinose, Peptone 

3.04 

1.63 

5.4 

3.75 

14.6 

220 

Glucose, Asparagine 

3.21 

1.92 

5.0 

3.97 

29.6 

316 

Raffinose, Asparagine 

3.19 

1.72 

5.4 

4.1 

trace 

334 

Glu(5ose, Urea 

3.02 

2.08 

6.4 

4.7 

33.3 

364 

Raffinose, Uiea 

3.19 

, 

2.05 

6.6 

1 

4.56 

42.0 

417 


C^arbohycli’atob expressed in g./lOO ml. of medium. Alcohol and mycelia in mg./lOO 
ml. 


Comment 

In the case of plants containing chlorophyll all energy is ultimately 
utilized to build up organic matter because of absorption of light and 
its photochemical conversion, while in the case of chlorophyll-frec 
organisms chemical degradations or organic material, e.g,, respiration 
and fermentation, are preponderantly responsible for obtaining the 
energy requu*ed in the formation of new cells. In the case of yeasts 
and other microorganisms, however, fermentation and respiration as 
energy-supplying processes are, according to circumstances, coupled 
with energy-consuming processes, accompanying the synthesis of new 
cell material. The diversity of ultimate major products present, viz., 
proieiiis, fats or pigments enable us to refer to biological syntheses of 
these materials. In the case of alcoholic fermentations, however, the 
main reaction is the splitting of sugar. 

In the ]5resent state of our investigation of the carbohydrate metabo- 
lism of Md'idii and Foman it would appear that they are perfect 
alcoholic fermenters. They are able to utilize glucose, xylose, raffinose 
and cellulose, producing stoichiometric amounts of alcohol from the 
first three carl)ohydrates aerobically. However, similarly to the Fusaria 
fermentation of trehalose, the dissimilation of raffinose wdth Meni 
proceeds more rapidly than that of glucose, whereby phosphorylation 
does not seem to precede the alcohol formation. It was also noticed 
in all cases that the ethyl alcohol so formed is subject to a dehydro- 
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genation, whereby substantial amounts ot acetaldehyde and acetic 
acid could be isolated and identified. The formation of succinic acid 
was also ascertained. Presumably due to a lack of close integration 
of the enzymatic activity in these molds, it is not suiprising that 
investigators often failed to ascertain intermediary and terminal 
products in this type of degradation. Only frequent and painstaking 
analyses enable the student to isolate the compounds. 

The isolation of acetaldehyde ivithout interception, in distinction to 
experience ivith other (26) molds, and of acetic acid, the accumulation 
ot the latter under anaerobic conditions amounting to four times that 
obtained aerobically, is significant and raises the question of the origin 
of these products. Although the disappearance of ethanol, when 
given as a carbon source, points to its direct dehydrogenation, namely: 


H H 

(1) CHr C— OH + 0:0 CHs-C=0 + HO-OH HjO + 0) 


it would still be conceivable that two processes are progressing simul- 
taneously, vtz., (o) a dehydrogenation of the acetaldehyde so formed 
with the participation of oxygen: 

OH OH 

(2) CHj-C^OH -f 0:0 CHj C=0 + HO-OH HsO + 0) 


or, and more preponderantly so under anaerobic conditions, (6) a 
dismutation of two molecules of acetaldehyde: 

OH OH 

(3) CHs-C^OH -1- 0:CH-CH3-»-CH3-C^ + CHj-CHrOH 

H 

resulting in the formation of acetic acid and alcohol. 

However, an uncertainty enters into the picture. As was pointed 
out in the experimental part, addition of thiamine to the medium 
was found necessary to obtain satisfactory growth on our semisynthetic 
media. Our inability to isolate or identify pyruvic acid as an inter- 
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mediaxy of the carbohydrate breakdown, due to the failure of these 
fungi to reduce nitrates, in contrast to the mechanism of the carbo- 
hydrate breakdown by Fusaria, also points to the possibility of an 
oxidative decarboxylation of pyruvic acid, viz . : 

(4) CHaCOCOOH + I O 2 ^ CHsCOOH + CO 2 

which may have occurred, even if only as a side reaction. Be it at 
present as it may, the fact that the formation of formic acid was 
never observed, suggests, however, the improbability that a hydro- 
clastic split (27) could have taken place as a bypath. 

As to the phase sequence of the anaerobic degradation of cellulose 
by Meni, Metre and Foman the evidence so far available shows that, 
in addition to ethanol, traces of acetic acid were found. This is at 
variance with the mechanism of a cellulose fermentation by anaerobic 
or thermophilic bacteria as outlined by Lyman and Langwell (28) or 
Neuberg and Cohn (29), who indicate that the degradation proceeds 
similarly to the phases of a butyric acid-acetic acid fermentation. 

It would appear that, in our cases, we are confronted with a course 
of carbohydrate fermentations analogous to those occurring during 
the degradation of the composite sugars mentioned above, with the 
distinction that the accumulation of transitory and terminal products 
seems to be inhibited by the limited diffusion of the carbohydrate to 
be acted upon by the enzymes present. 

The overall picture of this preliminary study would again clearly 
indicate the striking differences which exist in the major pathways of 
carbohydrate breakdown and dehydrogenations between yeast on 
one hand (30) and a number of molds on the other. The results, 
moreover, further underline the necessity of recognizing the diversified 
actions and varied phase sequences which occur during the course of 
degradations with different intact cell systems. Consequently, pomp- 
ous statements in regard to “general pathways” of biochemical re- 
actions appear to be thoughtless when examined within the narrow 
field of vision (31) delineated by some chemo-autotrophic bacteria. 
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Summary 

1. The carbohydrate metabolism of the four wood-rotting fungi, 
Merulms niveus, Merulius tremcllosus, Mervlius conflncns and Fames 
annosuSj was studied. 

2. The fungi supported a satisfactory growth when thiamine was 
added to the media. 

3. The organisms grew in a pH range of 3 to 8, the optimum pH 
being between 4.5 and 7. 

4. Peptone, asparagine and urea were the best organic nitrogen 
sources for growth. 

5. Inorganic nitrogen proved capable of supporting only a scanty 
growdih. 

6. Glucose, xylose, raffinose and cellulose, as well as different kinds 
of wood, can be utilized by these organisms. 

7. Among the metabolic products found to be accumulating were: 
ethyl alcdhol, acetaldehyde, acetic acid and traces of succinic acid. 

8. From the metabolic products of Foman a compound was isolated 
which gave a 2,4-dinitrophenylhydrazone melting at 208®C. 

9. The course of the alcoholic fermentation of glucose, xylose, 
raffinose and cellulose was studied aerobically as well as anaerobically. 

10. Ethanol, when given as a substrate, is quickly dehydrogenated 
at varying rates by all four fungi. 

11. Cellulose, when fermented under aerobic condition with these 
fungi, gave lise only to traces of alcohol. 

12. In cellulose fermentation under nitrogen ethyl alcohol was found 
to accumulate with ]\Ieni, Metre and Foman. 

13. Raffinose was utilized more rapidly then glucose with Meni. 

14. Phosphorylation experiments, utilizing creatine as a phosphorus 
acceptor, were carried out with Meni in the presence of glucose *or 
raffinose as carbohydrate source. 
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Introduction 

The embodiment of an efficient dehydrogenating enzyme system by 
the four wood-destro 3 dng molds: Merulms niveus (Meni), MervMus 
tremeUosus (Metre), MervMus confluens (Meco) and Fomes annosus 
(Foman) has been demonstrated by previous investigations in this 
laboratory (1). Similar observations were also made in studies with 
Fusaria in which especially oxygen, different nitrates, or even ele- 
mentary sulfur were able to serve as hydrogen acceptors (2). The 
reduction of these acceptora, in distinction to the mechanism of the 
hydrogen transfer itself, appeared to be a single stage reaction in all 
cases thus far studied. In the case of the conversion d-Sorbitol — » 
Sorbose — » 2-keto-J-gulonic acid we would be dealing with a more 
complex system. 

It, therefore, appeared desirable to utilize a dye which could act as 
an intcragent in visualizing the progress in a two stage reaction, and 
would simultaneously serv’e as an indicator in a straight dehydrogena- 
tion — e.g., isopropyl alcohol acetone, presumably feasible on ap- 
plying the enzyme system of our wood-rotting fungi. The dye selected 
for this purpose was resazurin (3), which was used previously (4) for 
estimating the bacterial content of milk. Resazurin passes through 
the following stable stages during reduction; 

' For a preUminaiy report see: Nature ICT, 355 (1946). Presented before the 
Division of Sugar Chemistry and Technology of the Am. Chem. Soc., Atlantic 
Gty, N. J., Apnl, 1946. 

* Communication No. 45. 
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O 

o 

Eesazulin 

(blue) 


o no o 


o 


IS 


Roaoiiifin 

(pink) 


- 211 * 


O Oil 


+ 2H+ s 

N 

A 

DUiydrorosoi-ufin 

(colorless) 


(1) 


This represents, in the second step, a reversible oxidation-reduction 
system, mthout apparently giving rise to the formation of semi- 
quinones (5). 


Synthesis op Resazurin 


Inasmuch as the procedure of Nietzki (()) for the preparation of 
resazurin provides for the possible admixture of some resonifin, the 
presence of which at the beginning of the dehydrogenation reaction 
could anticipate its enzymatic formation, it was deemed necessary to 
attempt a synthesis which would enable us to offset the probability 
of simultaneous formation of this contaminant. 

The synthesis is based on the following reaction: 

O Oil Oil 

\s 


2-hydro\y-l, I- l-anuuo-2,4- 

quinoiie rcsorciu. IICI 



/v liOy\ 

' J + I 


Xj[= acid amon 
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The utilization of a strong oxidizing agent, sodium peroxide, excludes 
the possibility of the formation of resorufin and supplied us ^nth the 
desired uniform product. 

Preparation of Reaazunn. To a suspension of 12.4 g. (O.LV) of 2-hydroxy-l-4- 
quinone (7) and 16.2 g. (0.1 AT) of l-ainino-2, 4-resorcin hydrochloride (8) in dry 
ether, contained in a round bottom flask fitted \\ith a mercury-sealed stirrer, reflux 
condenser and dropping funnel, 100 g. of cone. H3SO4 are slowly added dropwise 
^dth continuous stirring. When the reaction has subsided, a slight excess of acid is 
added and the refluxing and stirring continued for an additional half hour. After 
cooling in an ice bath, solid sodium peroxide is carefully added until the reaction 
mixture is basic to phcnolphthalein paper. The ether is then removed in vacuo 
and the residue taken up with water and filtered. The filtrate is evaporated to dryness 
in vacuo. The crude material is then taken up with absolute ethanol. After filtering 
off any impurities, this solution is evaporated to dryness in vacuo, yielding the 
sodium salt of resazurin. Yield of raw product 20% of theoretical. The compound 
is purified by solution in hot water, followed by addition of hot sodium carlx>nate 
solution, precipitating the sodium salt. This procedure is repeated three times to 
obtain a very pui’e product. Analysis: N calculated 5.57%, N found 5.27%. 

This preparation satisfied the requirements of the dehydrogenation 
studies. 


Dehydrogenation of d-Sorbitol and Isopropyl Alcohol 

The spore-mycelial suspensions used in these experiments were the same as in the 
previous (1) study anfd were derived from the same cultures. Preliminary experiments 
were run by growing the molds in 125 ml. Erlcnmeyer flasks. Each flask contained 
50 ml. of nutrient medium, was sterilized at 15 lbs. pressure for 20 minutes and 
allowed to grow in the dark at 28®C. In utilizing d-sorbitol as a substrate, a 2% 
concentration of the crystalline alcohol was employed and was added to the medium 
prior to sterilization. In the case of isopropyl alcohol, a 0.4% concentration was used 
and mixed with the sterilized salt solution with sterile technique. The concentration 
of the dye was 1.5 X 10“®J/ and was placed in the medium prior to sterilization. 

In utilizing fully developed mats the technique was as follows: the mold was 
grown on the d-glucobc nutrient medium mentioned previously (1), and 50 ml. of 
this solution were placed in a 125 ml. Eiienmeyor flask. After a two w-cek growth 
the medium was poured off and the mat then 'washed several times with 50 ml. 
portions of sterile distilled water. After each washing the water w'as decanted, 
maintaining sterile conditions at all times, and the mat then transferred to a 400 ml. 
Fern bach flat^k containing 250 ml. of the substrate medium desired. Mycelial weights 
obtained in spore-mycelial suspension experiments were determined according to the 
usual procedure, as heretofore. 

Analytical Methods, The qualitative course of the dissimilatioii of 
d-sorbitol by the four molds was established by the following facts: 
(1) a positive Seliwanoff test was obtained, indicating ketose forma- 
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tion; (2) discoloration of resazurin indicated the progress of the 
reaction according to equation (1), and (3) Munson-Walker values 
for reducing sugar. This last method was also employed for quantitative 
determination of the dissimilation product. 

The course of conversion of isopropyl alcohol was asceHained by 
means of the vanillin (9) and o-nitrobenzaldehyde (10) reactions with 
acetone. The latter was, moreover, identified by its 2,4-dinitrophenyl- 
hydrazone, m.p. 125~126°C- Acetone was quantitatively determined 
in the presence of isopropyl alcohol by the iodoform reaction (11). 

Redox Potentials in Meni-Systems in the Presence of Resazurin 

For redox potential measurements the fully grown mat of Meni, 
possessing the strongest dehydrogenating system of the molds studied, 
was utilized as a source of enzyme material. To offset the effect of 
oxygen on the dye it was obligatory to carry out the measurements 
anaerobically. 

To effect t.Viis the following technique was employed: The mat w’'as transferi'ed to 
a 125 ml. Erlenmcyer flask containing 100 ml. of sterile medium plus resazurin. 
The cotton plugs w^re then replaced with previously sterilized rubber stoppers 
fitted with inlet and outlet tubes, the inlet tube being extended to the surface of 
the medium, and the two tubes connected by means of a short piece of rubber tubing. 
Nitrogen gas from a tank,i after passage through a mercuric chloride solution, w’as 
used to displace the air in the flasks. 

Redox potential measurements were made against a saturated calomel electrode 
and the values are expressed against a normal hydrogen electrode. While making 
the measurements the space above the mats was flushed with nitrogen gas to maint ain 
anaerobic conditions. 

At the outset of these measurements it was thought conceivable 
that the 3deld of dehydrogenation products to dccolorization of the dye 
and redox potential might be related. It should, however, be borne 
in mind that a system consisting of a growing organism — in contrast 
to that used, for instance, by Michaelis and Smythe (13) — of a de- 
hydrogenating enzyme system therein present, and of an indicator 
which could not be applied in any stoichiometric amounts, makes it 
difficult to refer the recorded data to the requirements of a normal 
redox potential curve of resazurin. It may be true, however, that the 

^The absence of fneasurable amounts of oxygen could only be guaranteed by 
lifting nitrogen puiifled by the technique of Meyer (12). This degree of anaero- 
bioity, thou^ highly desirable, was, of course, not attained. 
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initial stage of the enzymatic reaction was accelerated by the small 
amounts of resazurin present. 

Although the decolorization of resazurin is complete in a few days, 

[ oxid 1 

J ratios are comparable, 
the shapes of the curves (Fig. 1) obtained in the presence of d-sorbitol 



DAYS 

Fig. 1 

Redox Potential Measurements 


□ 0.4% Isopropyl alcohol + 1.6 X 10~‘ M resazurin with Meni mats 
A 2.0% d-Sorbitol + 1.5 X 10"‘ M resazurin with Meni mats 

and isopropyl alcohol deviate significantly from each other. This 
differaace may be attributed to the intrinsic dynamics of the total 
system as stated above, due to the growth of the organism itself and 
discrepancies in the growth conditions. 
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Results and Discussion 

Dehydrogenation of d-Sorbitol The results obtained with this sub- 
strate corroborate our findings on the presence of a dehydrogenating 
enzyme system in the four wood-destroying molds. The dehydrogena- 
tion of d-sorbitol was ascertained in one aspect, by means of dccolor- 
ization of resazurin. The rapid rate of decolorization of the dye, when 
incorporated in the medium inoculated Avith Meni, together with the 

TABLE I 


Aejobic Dehydrogenation 0 / drSorbitol ‘ 



Mcni 

Mctip 

Mec 0 

Foni 111 

Da\ 


boibofio 

Mvcelul 

wfc 

Sorbo&tt 

Mvcelial 

wt 

Sol hoso 

M\ ( ohal 
wt. 

Soibosp 


mti IlOO ml 

my flOO ml 

m// jiOO ml. 

mg liOOml 

tmj (100 ml 

mg (100 ml 

my (too ml 

mg (too ml 

7 

23.6 

None 

17.4 

None 

13.6 

None 

28.0 

None 

12 

150.0 

None 

30.4 

None 

1 25.8 

None 

209.2 

None 

16 

236.4 

None 

56.6 

None 

78.6 

None 

226.8 

None 

19 

276.0 

24 

80.0 

None 

61.0 

None 

249.2 

8 

21 

299.0 

30 

88.6 

None 

72.0 

Trace 

283.0 

8 

24 

314.0 

36 

87,2 

None 

114.4 

Trace 

288.2 

8 

26 

356.0 

40 

124,8 

None 

152.6 

8 

292.8 

8 

28 

259.2 

40 

159.4 

None 

211.2 

8 

309.6 

8 

30 

225.4 

40 

164.4 

None 

222.4 

8 

253.0 

22 

32 

175.2 

40 

184.6 

Trace 

282.0 

8 

240.8 

14 

36 

143.0 

40 

. 238.2 

Tiace 

234.0 

14 

214.0 

22 

40 

132.0 

40 

225.2 

4 

278.8 

14 

210.4 

22 

52 

108.8 

42 

303.6 

4 

420.0 

22 

109.2 

22 

56 

102.2 

56 

324.6 

None 

350.8 

10 

- 

22 

60 

91.0 

56 

300.0 

None 

305.4 

16 

105.4 

22 


" 2% ciystallinc <i-sorbitol medium iaocuiated with HpQro-mycehal susponbion. 

larger amounts of reducing substances accumulated, attest to the ease 
with which the first step of this important conversion (see p. 440) can 
be earned out. A quantitative comparison of the action of the four 
molds on d-sorbitol is presented in Table I. As preliminary experiments 
established the decolorization of resazurin, it was thought interesting 
to investigate the effect of the dye on the gro'wiih of the organisms. 
The findings of such a study are listed in Table II. Comparing the 
results in Tables I and II it is evident that the dye has an inhibitory 
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effect in the case of Metre and Meco. Mycelial weights are lower and 
no appreciable amounts of reducing substances are detected. The 
Moni-inoculated medium does not seem to be greatlj’' affected by the 
dye although its growth does appear to be slightly retarded at the 
outset. 

Regarding the visible characteristics of the sorbitol medium supple- 
mented with resazurin, it was observed that complete decolorization 
of the dye was effected when a heavy mycelial mat had formed, thus 
eliminating the effect of atmospheric oxygen which tends to cause 

TABLE II 


Aerobic DehydrogenaMon of drSorUtol in the Presence of Resazurin ' 


Da\ 

Mem 

Metie 

Mcco 

Mycelial wt. 

Soibose 

Mycelial wt. 

Sorbose 

Mycelial wi. 

Sorbose 



mg -1100 ml. 

mg.! 100 ml. 

mg. i 100 ml. 

mg. i 100 ml. 

mg. 1 100 ml. 

mg. 11 00 ml. 

15 

158.0 

14 

21.4 

None 

16.0 

None 

18 

206.2 

14 

27.2 

None 

21.0 

None 

20 

263.0 

14 

43.4 

None 

28.2 

None 

22 

266.8 

16 

— 

None 

— 

None 

25 

350.0 

29 

36.8 

Trace 

33.2 

Trace 

29 

273.4 

40 

52.6 

Trace 

36.0 

Trace 

39 

208.6 

40 ; 

75.6 

None 

46.8 

None 

41 

190.0 

40 

88.0 

None 

54.0 

None 

45 

113.4 

40 

98.0 

None 

60.4 

None 

50 

104.8 

48 

124.0 

None 

130.4 

None 


*■ Medium same as in Tabic I + 1.5 X M resazurin. No measurements were 
made with Foman because of complete inhibition of growth by the dye. 


reversion of the dye to its original blue color. Any dye trapped on the 
surface of the mycelial mat retains its original blue color for the reason 
just cited, but the dye contained in the solution below the mat surface 
becomes decolorized. 

Further inspection of Tables I and II, however, discloses the addi- 
tional fact that while there is a decrease in mycelial weight, the 
reducing compound content continues to increase. This would lead 
one to assume that, due to the apparent ''starvation” of the mycelium, 
the al)ility of the dehydrogenases present to act upon i-sorbose in the 
manner previously mentioned is destroyed, simultaneously preventing 
formation of the 2-keto-Z-gulonic acid. That Z-sorbose itself can be 
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TABLE III 


Aerobic Dissimilation of Sorbose 


Day 

Mem 

Metre 

Mopo 

1 Oman 

Mycelial 

wt 

Sorbose 

Diaap> 

pearmg 

Mycelial 

wt 

Sorbose 

Disap- 

pearing 

IM^celial 

wt 

Sorbose 

Disap- 

pearing 

M\colial 

wt 

Soibose 

Disap- 

pcaiing 





mg /I 


22 




150 

5.2 


23 8 


29 

291.4 


19.4 


7.0 




38 

363.2 


24.6 

250 

15.0 


97.2 1 


42 

243.6 


— 

— 

— 

— 

— 



* Medium inoculated apoie mycelial suspension. 

* Imtial soibose concentrations 2400 mg./lOO ml. 


dissimilated by the four molds is demonstrated by experimental data 
presented in Table III. Although growth was slow in the case of Meni 
practically all the sorbose disappeared without giving rise to a definite 
product. 

The pertinent fact of very slow growth of the microorganisms on a 
sorbitol medium prompted the study of its dissimilation in the presence 


TABLE IV 

Comparison of Yields of Sorbose Obtained with a Spore-Mycelial Suspension 
or Fully Grown Mats of Meni 


Day 

Suspension 


Mats 


Mycelial wt. 

Sorbose 

Sorbose 


mg.llOO ml. 

mg. 1100 ml. 

mg. 1100 ml. 

21 

257.2 

19.5 

28.0 

28 

285.4 

32.0 

29.0 

30 

328.2 

27.0 

35.0 

33 

160.4 

31.0 

33.0 

35 

144.6 

27.5 

28.5 


of an abundant supply of enzyme in the form of a fully grown mycelial 
mat. The technique employed is dracribed in the experimental part 
and the results are compared with those obtained from spore mycelial 
susp«ision studies m Table IV. In this phase of the work only Meni 
was employed as it is the most luxuriantly growing mold of the group. 

The results of this experiment again illustrate the relative enzymatic 
unsaturation of the mold as only after an initial incubation period of 
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15^18 days is the reducing substance qualitatively detectable. And, 
too, there is continued grov^h of mycelium inasmuch as a heavy mat 
is formed. 

Dehydrogenation of Isopropyl Alcohol. As in the case of sorbitol, the 
path of the dissimilation of isopropyl alcohol by the four molds was 
established by decolorization of resazurin when added to a 0.4% 
medium of the alcohol. Here too, as growth was very slow it was 
deemed suitable to utilize the fully grown Meni mat to supply an 


TABLE V 

Aerobic Dehydrogenation of Isopropyl Alcohol * 


Day 

Meni 

Metre 

Meco 

Foman 



Acetone^ mg. 1100 ml. 


10 

5.9 

6.0 

traces 

10.9 

14 

17.4 

8.9 

traces 

14.4 

18 

25.3 

17.3 

6.9 

27.8 

20 

34.9 

11.2 

9.4 

21.3 


* 0.4% Isopropyl alcohol medium. 


abundant source of the dehydrogenating enzymes. In Table V the 
3 delds of acetone are recorded. In this case the medium was inoculated 
with the usual spore-mycelial suspension. The results obtained with 
isopropyl alcohol, using fully grown mats, are much higher than those 
from the suspension (Table VI), in contrast to results obtained with 
sorbitol. 

An additional observation in the study of the dissimilation of iso- 
propyl alcohol by these molds is that, while the dye is changed to 
pink, it is not completely decolorized, for, as long as a heavy mycelial 

TABLE VI 

Aerobic Dehydrogenation of Isopropyl Alcohol with Meni Mats * 


Day 

Acetone 
mg.jlOO ml. 

3 

54.5 

8 

74.3 

10 

119.0 

12 

141.2 

14 

151.0 

19 

118.0 

25 

72.4 


♦ 0.4% Isopropyl alcohol medium. 
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mat is not formed, there cannot be satisfactory exclusion of atmos- 
pheric oxygen, the presence of which allows for the reversion in color 
and chemical change between resonifin and dihydi’ovesorufin. 

Inspection of the values recorded in Table VII shows that iso- 
propyl alcohol can also be dissimilated anaerobically, as compared 
with sorbitol which cannot. 

It should also be mentioned that, in contrast to earlier findings (14) 
with Fusaria, the molds employed in the present study did not give 
rise to the hydroclastic formation of formaldehyde as a secondary 
dissimilation product of isopropyl alcohol. 

TABLE VII 

Anaer(Aie Dehydrogenation of Isopropi/l Alcohol with Meni Main ' 


Day 

Acetone 
{mgJlOO ml.) 

1 

11.0 

2 

14.5 

3 

6.0 

4 

None 

5 

30,9 

6 

40.0 

7 

None 

8 

None 

9 

21.8 

10 

21.8 

11 

13.9 

12 

None 

13 

14.5 

14 

None 


* 1.6 X 10“* M resazurin added to medium. 

Furthermore, it should be noted that the influence of the steric 
configuration, according to Bertrand’s rule (15), alters the course of 
the dehydrogenation. Thus, while it is obvious that acetone would 
result from the dehydrogenation of isopropyl alcohol, the formation of 
1-sorbose from rf-sorbitol depends on a m-configuration of the alcoholic 
hydroxyl groups on carbons 2 and 3, so that, instead of the primary 
alcohol groups at each end of the sugar molecule being dehydrogenated, 
only the secondary .alcohol grouping is attacked and converted to the 
ketone, while the obsei-ved formation of 2-keto-Z-gulonic acid from 
d^uconic acid (16) seems to be a deviation, our findings are in agree- 
ment with the mle. 
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Summary 

1. The dehydrogenation of d-sorbitol and of isopropyl alcohol by 
the four wood-destroying molds Merulius niveuB, Mernlius tremellosus, 
Merulius confluens and Fames annosus was studied. 

2. From d-sorbitol small amounts of Z-sorbose, and from isopropyl 
alcohol larger amounts of acetone, were obtained. 

3. Resazurin proved a convenient indicator in dehydrogenation 
studies. 

4. A new synthesis of resazuiin was presented. 

5. Redox potentials were measured of the two systems Meni-d- 
sorbital-resazurin and Meni-isopropyl alcohol-resazurin. 

6. Sorbose obtained from the dissimilation of d-sorbitol could not 
be further converted by the “starving” organism in contrast to its 
utilization by the growing organism. 
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Lettlr to the Editors 


Compounds Active in Correcting Sulfonamide-Induced 
Granulocytopenia in Rats 

Sira: 

The most recently sjmthesized vitamin of the B-complex, variously 
designated as the “L. casn factor,” “vitamin Bo,” “folic acid,” etc., 
is know n to exist in a number of closely related forms. Four compounds 
possessing qualitatively the same activity for the rat (and fov the 
chick) have now been isolated; one from liver (1) (2), two from yeast 
(2) (3) and one from a fermentation residue (4). One of the four has 
been synthesized (5). A closely related substance which occurs in 
spinach (0) (7) may differ from each of these four (4) and may con- 
stitute, therefore, a fifth form of the vitamin. The compound in yeast 
\\ hich was recently isolated in crystalline form (3) is probably identical 
with the one which we described earlier (8) (9). Data in support of this 
point of view will be given at this time. In addition, we wish to present 
evidence for the existence of a compound in liver, previously unde- 
scribed, which possesses activity for rats similar to that of each of the 
known forms of the L. cas&i factor. 

Data given m the table show that the concentrate from yeast (10) 
previously described (8) (9) possesses less than 0.4% as much micro- 
biological activity as might be expected from its therapeutic effect 
in rats rvith sulfonamide-induced leucopenia and granulocytopenia (11). 
As indicated, the microbiological activity is greatly enhanced by treat- 
ment with acid, alkali or an enzyme preparation from rat liver. These 
properties agree only partially with those of “vitamin Be conjugate” 
as originally described (12) which must, however, have been a mix- 
ture (13). The properties of our concentrate agree very well with those 
of crystalline “vitamin Be conjugate” (3), both as to the ratio of 
microbiological potency to activity in experimental animals and, 
qualitatively, as to the enhancement of microbiolopcal potency by 
simple procedures. 
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y L rasfi factor (bv S' 


yactoZis assn) P^i 


“rat iinil”' 

Synthetic L. casei factor (5) (18) 

8. 

Yeast concentiate (10) 

0.03-^ ‘ 

Liver concentrate (14) 

0.3 


S. faecaltb .issa\ values 
after treatment fo\piesscd 
as per cent of befoie 
tioatment” values) 


Yeast concentrate (10) 

Autoclaved 2 hrs. at 15 lbs. pressure, pH = S’*"* 800 

Autoclaved 2 hrs. at 15 lbs. pres&uie, pH = 14*’^ 750 

Incubated with enzyme preparation from rat liver (15) *■ 1000 

Liver concentrate (14) 

Autoclaved 2 hrs. at 15 lbs. pressure, pH = 3 60 

Autoclaved 2 his. at 15 lbs. piessure, pll = 14 120 

Incubated with enzyme preparation from rat liver (15) 70 

Incubated with enzyme preparation from almonds (17) 120 

Incubated with enzyme preparation from almonds (19) 120 

Incubated with enzjrme preparation from chicken pancreas (20) 90 

Incubated with fresh whole rat liver 110 

Incubated wdth takadiastase, 24 hrs. 80 

Incubated with pepsin 24 hrs., then trypsin 24 hrs. 70 

Incubated with pepsin 96 hrs., then trypsin 24 hrs. 40 


* The term *'rat unit” is used here to indicate the minimum amount which must 
be given daily for 4 days to a rat with sulfonamido-inducod granulocytopenia to 
cause a full granulocyte response (from 4000 or fewer total lcucocytx>s and 200 or 
fewer polymorphonuclear granulocytes to 10,000 or more total leucocytes and 2000 
or more granulocytes per cu. mm.), 

** The latio of activities of this concentrate (10) for S* faecaUa and for the rat 
varied from batch to batch. The lowest “rat unit” value lepeatedly obtained was 
0.03 y. The particular batch ot concentrate used for treatment with acid, alkali and 
enzyme had the unusually high original “rat unit” value of 0.3 y and the indicated 
increases ai*e from this base. 

Further data in the table indicate that there Is present in certain 
liver concentrates (14) a compound which has not previously been 
described. While possessing activity for granulocytopenic rats, these 
concentrates neither exhibit the expected microbiological potency nor 
can this potency be materially increased by treatment with add or alkali 
or with the usual enzyme preparations (IS) (16) or with proteolytic en- 
zymes, To date we have found no method which is effective in “ac- 
tivating” (for microorganisms) the compound (or compounds) present 
in these liver concentrates. 
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Either we have the curious situation that the granulocytopenia may 
be corrected by either one of two different vitamins or else we are 
dealing with an hitherto undescribed form of L, casei factor, which 
cannot be made available to microorganisms by any procedure which 
we have tried. If the latter alternative is correct, then present micro- 
biological assay methods for L. casei factor, even those which include 
treatment of the material being assayed with ^'vitamin Bo conjugate” 
( 17 ) may, for some tissues, yield highly erroneous results. 
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Note on the Metabolism of Some Ribose Derivatives 

It was observed that incubation of purine nucleotides and nucleo- 
sides with tissue extracts changes the ribose group in such a way that 
it can no longer be determined by the quantitative orcinol reaction (1). 
This is due to the combined action of several enzymes which are found 
in the following tissues in decreasing concentration: liver, kidney, 
spleen, brain, blood, heart, and striated muscle. Free ribose and the 
other pentoses ai-e not changed under our experimental conditions. 
Adenosine and guanosine are broken down somewhat more rapidly 
than adonosine-5-phosphate, adenosine-3-phosphate, cozymase, and 
inosinic acid. Since the above listed tissues are known to be rich in 
phosphatases, it seems likely that the first step is dephosphorylation 
of nucleotides to nucleosides. The nucleosides are acted upon by 
nucleosidase, yielding ribose-l-phosphate (2). We can confirm Kalc- 
kar’s finding that phosphate is taken up in this process, but we find 
that the labile ribose-l-phosphate is only an intermediary product, 
which is stabilized rapidly. The pentose concentration of a sample 
containing 11.6 gamma moles guanosine per ml. fell to 7.5 gamma 
moles after 1 hour, and to 2.4 gamma moles after 3 hours incubation 
at 37®. After 1 and 3 hours, 3.5 gamma moles and 9.7 gamma moles of 
inorganic jihosphate had been converted to the ester. The compound 
formed is stable toward acid, in contrast to ribose-l-phosphate. A 
comparison with other ribose phosphoric acid esters showed that the 
pentose reaction vanishes rapidly when ribosc-5-phosphate is used as a 
substrate, while ribose-3-phosphate reacts very slowly or not at all. 
From incubation mixtures containing 10.8 gamma moles of ester, 4.4 
gamma moles of ribose-5-phosphate disappeared in one hour, while 
rjbose-3-phosphate remained unchanged. It occurred to us that an 
enzymatic rearrangement of ribose-l-phosphate to ribose-5-phosphate 
(analogous to phosphoglucomutase action) might be the most reason- 
able explanation of our finding. In absence of phosphate no pentose 
disappears from the incubation mixture, when nucleosides are used as 
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substrate. In the breakdown of ribose-3- phosphate, the concentration of 
free phosphate in the medium remains constant. The disappearance of 
the ribose ester does not depend on the pre.sence of oxygen and is not 
inhibited by fluoride and iodoacetate. It is probable, however, that our 
dialyzed enzyme extract is an incomplete system and that an inter- 
mediate compound is accumulated. 

We are attempting to identify the degradation products beyond 
ribose-5-phosphate. In addition to the prospects of elucidating the fate 
of ribose in higher organisms, our observation has signifiicancc for the 
methods of nucleotide determination which involve the orcinol test. 

Eeeerekces 

1. Mbjbaum, \t., Z. physiol. Chem., 258, 117 (1939). 

2. Kalckas, H. M., /. Biol. Chem., 168, 723 (1945). 

The University of Texas F. ISchlknk 

M. D. Anderson Hospital for Cancer Research M. J. Waldvoqbl 

Houston 
March 29, 1946. 
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Advances in Carbohydrate Chemistry. Volume I, Edited by: W. W. Pigman and 
M. L. WoLPROM. Academic Press Inc., Publishers, New York, N. Y. 1945. xii+374 
pp. Price $6.00. 

On the foundations so truly laid by Emil Fischer there has been erected in the 
counso of recent years a vast edifice of cai’bohydrate chepiistry, the implications of 
which arc becoming of ever increasing importance in medicine and biology and in 
industry. It is becoming more and more difficult for the specialist and non-specialist 
alike to keep track of all the literature, and in this volume, which is a new venture 
and the first of a projected series of similar collections, there is to be found a group of 
articles in which our knowledge of certain specialized branches of carbohydrate 
chemistry is summai’ized and discussed. 

The book begins, very appropiiately, with an ai*ticle by C. S. Hudson on **The 
Fischer Cyanohydrin Synthesis and Configurations of Higher Carbon Sugars and 
Alcohols.^’ In this fascinating chapter is given an historical as well as a chemical 
account of the sugars and sugar alcohols including some which contain nine carbon 
atoms. Using rules based on extensive experience, Dr. Hudson is now able to suggest 
in advance the most satisfactory methods for the synthesis of these substances and 
details a simple nomenclature to characterize the configuration of these sugars. This 
article is followed by an account of *^The Altrose Group of Substances” by Nelson K 
Richtmyor. At one time the altrose group of substances, which are derived from the 
rare pentose, ribose, were comparatively unknown. The author describes their prep- 
aration from such common substances as lactose and ccUobiose, and discusses the 
rare septose, sedohoptulose in which the altrose configuration occurs. The chapter 
concludes with methods of preparing derivatives of altrose from pectin. A useful list 
of derivatives of d- and 1-altrose is included in the article. 

The carbohydrate orthoesters arc dealt with by E. Pacsu and the thio and seleno 
sugars are discussed by Albert L. Raymond. So little is known about these interest- 
ing and unusual thio-sugar derivatives that they may well repay further study both 
from a botanical and from a chemical viewpoint. 

“The Carbohydrate Components of the Cardiac Glycosides” have recently been 
the subject of several publications and in this very interesting article, by Robert C. 
Elderfield, the occurrence, preparation and constitution of all the known dmple 
sugars, and of one of the disaccharides, is discussed. It is certain that much further 
work will be required before the final elucidation of the complex structure of these 
rare and interesting sugars is decided. 

C. Jeleff Carr and John C. Krantz discuss in some detail the “Metaboh'sm of the 
Sugar Alcohols and their Derivatives,” and an exceedingly interesting and readable 
account of “The Chemistry of the Nucleic Acids” has been contributed by R. Stuart 
Tipson, who was associated with the late Doctor P. A. Levene, a pioneer in the 
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field of nucleic acids and the first to isolate from them d-ribose. An account is given 
of the chemistry of d-ribose and the proof that 'this sugai* exists in the furanosc form 
in the nucleic acids. The difficulties encountered in the (examination of the desoxy- 
ribosylpurines arc discussed, and the isolation of d-2-dc.sox3n*iboso which crowned 
Levene’s work is described. The chapter concludes with a short account of the 
physical chemistry and polymeric properties of the nucleic acids. 

Perhaps in no other branch of carbohydrate chemistry have such advances been 
made in recent j'^ears as in the chemistry of stai‘ch. In one of the articles now under 
review T. J. Scfioch, who is himself one of the main contributors on now knowledge 
of this subject, gives an accoxmt of the “Fractionation of Starch^' and its sepai’ation 
into amylose and amylopectin, an operation which is likely to become of increasing 
industrial importance in the near future owing to the very different and desirable 
physical properties of the tw^o components. 

The next two articles are by Roy L. Whistler on “The Preparation and Properties 
of Stai-ch Estem/’ and by cWles R. Fordyce on “Cellulose Organic Esteis.” These 
two articles deal mainly with the methods of preparation and physical prop(‘ities of 
the respective polysacclmride esters. 

The volume ends with an article on “A Discussion of Methods of Value in Research 
on Plant Polyuronides” by Ernest Anderson and Lila Sands, The plant polyuronides 
are probably some of the most complex polysaccharides known. In this very useful 
article are collected together practical methods for the isolation and purification of 
the hemicoUuloses, mucilages, gums, etc. Details are also given for t heir hydrolysis 
and the identification of the resulting sugars. Many references are given to oxiginal 
papers. 

The volume should serve a most useful purpose, and the Editors are to bo con- 
gratulated on having succeeded in their object of obtaining articles w'hich ai*c at one 
and the same time critical and integrative in outline and intelligibe to the non- 
specialist. In one or two instances new and hitherto unpublished observations are 
recorded in this volume, but it is to be hoped that the Editorial Board will S(M' to it 
that “Advances in Carbohydrate Chemistry” will he maintained tis a review and not 
as a medium for the publication of original research, the latter function l)oing, in tlw* 
reviewer's opinion, inappropriate to this type of work. 

E. L. Hirst, Mauch(‘stcr, England 

Physical Chemistry of Cells and Tissues. By Rudolph IIobeb, with the collabora- 
tion of David I. Hitchcock, J. B. Bateman, David R. GooDAitD, and Wallace O. 
Fbnn. The Blakiston Company, Philadelphia and Toronto. 070 page's. JjUi). 

The pathway for progress in the biological sciences is t wo-f(dd. Onc‘ w'ay, nocc's- 
sarily of earlier origin and pre-requisite to the search for another way of approach, 
is the accumulation of facts obtained by observation and cxpt'riment, disregarding 
their explanation in terms of the fundamental laws of physics and chemistry, such as 
morphology, macro- and microscopic, chemical identification of the constituents 
of cells and tissues, descriptive physiology, physical and chemical, etc. Once a certain 
level of knowledge has been accumulated, another approach opens spontaneously: 
t.e., to integrate all the data obtained with acknowledged fundamental laws of physics 
and chemistry. The first approach is termed by the editor of this book, “physiology 
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from above/’ the other, ^‘physiology from below.” The attempt to enU'r the second 
route implies the assumption that the living organism has at its disposal no other 
forces than those valid in inorganic matter, and that all the complexity of the physico- 
chemical achievements of the coll can be attributed to the complexity of the physico- 
chemical system which it represents and not to specifically vital forces or agents 
alien to non-living matter. This book is an attempt to set forth the present level of 
progi'eas of physiology' from below. 

More than forty years ago, the editoi, who has himself contributed several chap- 
ters, published his “Physikalische Chemie der Zelle und Gewebc,” which may be 
considered as the fiLrst systematic treatise of this kind of physiology. It was a land- 
mark in biological research, w'litten with the enthusiasm of youth and encouraged 
by the then novel applications especially of the laws of osmosis and electromotive 
force to cellulai- physiology. The present book is the long-dcsired attempt to bring 
such a presentation up to date. The difference in the situation is that there is now no 
single man who might be in command of all branches of science pertaining to the 
task. The distribution of the material among various authors will of necessity render 
the presentation somewhat inhomogeneous. This cannot be helped. 

The book may be thought of as consisting of two moieties. The first, shorter one, 
is a treatise of those paiis of physics and physico-chemistiy w'hich are expected to 
play an essential role in the second part dealing with the actual biological facts ascer- 
tained by observation and experiment. Thus, the ideal state of affairs would prevail 
if the second part would explain the biological parts by reference to law's set forth in 
the first part. He w'ho expects this proposition to be materialized will bo disappointed. 
How'cver, this is not the fault of the book but of the low' level of knowledge attained 
so far. The references in the second half of the book to specific statements of the 
first half, ai-e rather scarce indeed. They are encountered more in the remarks intro- 
ductory to each of the later sections than in their bulk. It is hereby clearly indicated 
how few' phenomena in the living cell can be, as yet, fully accounted for bj' laws of 
physical chemistry. One may think of the example of urinary secretion. Descriptive 
physiology has shown that it consists of filtration across the glomerular membrane 
and selective reabsorption in the* tubuli. Only the glomerular function is understood 
from the law's of diffusion and osmosis, whereas the second remains a complete 
physical-chcinical mystciy iasofai* as no model has been devised to imitate either 
selectivity or any mechanism to utilize the energy i*eleased by the chemical process 
of respiration to those specific tasks. 

This book is particularly adapted for showing w'hich biolopoal events can bo ex- 
plained “from below,” and wliich cannot as yet. Although there are a few remarkable 
achievements of the fii'st kind, there are disappointingly more of the second. How- 
ever, thei’o is a distinct progress in some regions, w’hile, on the other liand, there is 
oven a retrogression in others. Thus, the permeability of the membrane of erythro- 
cytes seemed to be rather well understood. It was then found that there ai’e great and 
unexplainable diffei’ences according to the animal species on comparing the relative 
permeability of various simple nonelectrolytes. 

The first lialf of the book is composed of a chapter by Hitchcock on selected treatises 
of classical ph>'&ical chomistrj', and on large molecules by Bateman, a chapter w'ritten 
with w'ido scope and embracing knowledge of this highly complex subject. The second, 
larger moiety of the book, deals w'ith living matter itself. H6ber, after a short, ex- 
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cellent introduction, deals with the surface of the cytoplasm and permeability prob- 
lem. The same author, in another chapter, deals with the influence of extracellular 
agents on cellular activity. Then follows a short, concise chapter on the chemistry 
of respiration by Goddard. Furthermore, Fenn writes a chapter on contractibility 
abundant with descriptive material and clearly showng to what a tiny extent the 
facts can be subordinated to known laws of physical chemistry, due to the embryonic 
state of our knowledge of the complex nature of the physico-chemical systems in- 
volved. The final chapter, by Hober again, deals with ‘‘piissive penetration and active 
transfer in tissues,” the latter meaning all kinds of excretions and secretions occurring 
in living cells, utilizing the energy set free in metabolism, without any acceptable 
picture being available as to the mechanism by which chemical energy is exploited 
for specific work instead of being dissipated. 

The reader will have understood that all the deficiencies mentioned are not those 
of the book but those of our present knowledge. The aim of the book is to point out 
both the achievements and the gaps. It fulfils the task splendidly. No student of 
physiology “from below” should miss the inspiration it affords. lie will use it as a 
road-sign on his thorny path. 

L. Miciiablik, New York, N. Y. 

Virus as Organism. Evolutionary and Ecological Aspects of Some Human Virus 
Diseases. By Frank MacFarlane Burnet. (134 pages.) Harvard University Press, 
Cambridge, Massachusetts. (1945.) 

For the few years following the isolation of the tobacco mosaic virus the accepted 
concept among many biologists and biochemists working in the field of virus research 
was that viruses are chemical entities, specifically nucleoproteias, which arise in 
the cell as a consequence of some peculiar circumstance. The display of ingenuity 
in devising hypotheses of production de novo has, of course, been encountered before. 
This concept, however, has been strengthened by the research coming out of the 
chemical laboratories, inasmuch as “molecular weights,” etc. have been reported 
for them, and some of them have been obtained in the crystalline form. These 
substances have lent themselves to manipulation in the Laboratory as if they w'er(» 
chemical entities, and they have been so manipulated. TIuto has been a tendouey 
among biochemists working with the viruses to disciLss the viruses in their published 
work as if they wore indeed chemical entities. On tlu‘ other hand, t.hese workers 
have behaved in conducting their experimental work as though they beli(w<‘d tla^y 
were dealing witli infectious organisms. That is, quite apart from the tr(»atment 
of endemic and epidemic virus infections by various agencies, lescarch workcu’s have 
inoculated their animal or plants with the respective viruses th(‘y W(‘n^ working 
with, with the full exi)ectation that the self same virus would be reproduced. In 
the isolation work, Koch^s rules of proof have been the criteria which liave s<*rvo(l 
as the guide to the several manipulations the plant or animal materials havcj Ihjch 
subjected to. Not only that, the control animals and plants have been isolated in 
order to avoid infection. 

I have been conscious of an uncomfortable feeling among virus workers regarding 
the concept which has been referred to. In some cases the concept has been obviously 
abhorrent, but the presumptive evidence from the chemical laboratories regarding 
the chemical nature of the viruses has been strong. Many discussions in seminal s, 
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sc*u‘iiiific* meetings, hotel rooms, and in print have revolved around this subject. 
It is doubtful tlmt tlic intangible phenomena called life have over been subjected 
to a more careful and searching scrutiny than they have been by the researcli workers 
with the viruTO during the past decade. The arguments and beliefs, each colored 
by the particular prcjxidicos of its author, have been many and varied. 

The alternate concept regarding the nature of the viruses is that they are organ- 
isms, and a corollary to that concept is that they are the degenerate descendants of 
larger pathogenic organisms. This is Dr. Burnet's thesis, and he has marshalled his 
arguments in its support in a most masterful manner. Indeed, he has gained a convert 
and a disciple. It seems unlikely that in the last analysis one may avoid the conclusion 
that viruses are organisms. It is with the earnestness of a new convert that this book 
is recommended, in particular to the biochemists who have become involved in 
virus research. 

Dr. Burnet has restricted his discussion to a few of the human viruses, namely, 
Herpes simplex, polioniyelitus, psittacosis, and related infections, smallpox, alastrin, 
vaccinia, yellow fever, and influenza. These viruses are considered from the point 
of view of th(dr reproduction, their survival their variation, and their evolution, 
and from the point of view of the reaction of the host to the virus infection. A long 
evolutionary history is postulated, although the impossibility of giving a precise 
account of the evolution of any of the viruses is recognized. Herpes simplex, for 
example, is considered to have evolved with man through his mammalian history. 
Psittacosis has been adapted to the Psittacidae since time immemorial. Its impact 
on man is a current event, and it cannot be regarded, strictly speaking, as a human 
virus. Yellow fever is and has been endemic among animals in the tropics, having 
evolved through the countless centmics to a form of life compatible to itself and to 
its ‘‘natural’* hosts. Aedes aegypti is only one of them. Yellow fever infections in 
man arc incidental in the history and evolution of the virus. The conflict between 
man and poliomyelitus is on, and the success the virus will have in establishing itself 
as a typical human vitus, from an ecological point of view, wiU depend on the evolu- 
tion in both man and the virus of forms mutually compatible and where the disease 
will present to man problems no more serious than those presented by Herpes simplex. 

It is implied, but not specifically stated, that perhaps plant life can and may 
servo as a reservoir of viruses which may infect animals in much the manner that 
the Psittacidae serve as a reservoir of the psittacosis virus or that rodents may 
possibly servo as a source of poliomyelitus. The converse may also occur. Granted 
this possibility, then are the viriferous leaf hoppers, Euieitix tenellus, infected wdth 
the ciurly top virus of sugar boots? In these instances of insect transmitted virus 
diseases of plants do we have to deal with viruses which infect both plants and 
animals? These questions and many others are provoked by Dr. Burnet in his 
discussion. Indeed if his arguments are valid, we may dispense with the notion of 
specificity in the transmission of virus diseases by insects. 

The temptation is strong to include herewith a synopsis of Dr. Burnet’s arguments 
and to present a critical consideration of them. By doing so, however, one would 
be guilty of robbing the prospective reader of the fun he will have in pursuiog the 
contents of this small book. 


Vernon L. Frampton, Austin, Texas 
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Studies in Biophysics: The Critical Temperature of Serum (56°). By LBCO&rrB du 
NoCy, D.S(*. Reiiihold Publishing Corp., New York 1915. 185 piig(\s. Priee $3.50. 

The author admits that for a long lime he believed that tlie majority of the j)ro- 
U'ins of serum existed in the shape of a large super-molecule, which lie mfers to as a 
“serum molecule.'^ He states, however, that the work from Sv<‘(lbi‘rg^s laboratory 
indicates, on the contrary, that there are present in serum at least four distinct 
species of molecule. He states that the knowledge that the proteins — or lipo-pro- 
teins — of seioim are molecularly dispersed makes it possible to introduce into biology 
“the rich and fertile idea of monomolccular oriented dispersion” w'hich Dr. du Noiiy 
says he lias upheld since 1923. 

In spite of this preliminary statement, it is the impression of this rcvii^w'or that 
Dr. du Noiiy has continued to treat serum as if it were a single pure substance, such 
as copper or mercuiy, for in the present book we ai’c presented with a summaiy of a 
great wealth of measurements, most of them of a physical or physical-chemical 
nature, on “semm” of one sort or another. No information is given as to the proteins 
present in these sera and their ndative amounts in the samples used. 

Figures ai*e given for various properties of seinim: the viscosity, the rotatoiy pow(M‘ 
and rotatoiy dispersion, the optical density and light scatU'ring power, coagulation, 
sedimentation, electric conductivity, hydrogen ion concentration, fi.xatioa of ether, 
suiface tension, and ultraviolet absorption. The effect of various temperatures for 
various lengths of time on these properties is also studied. If accompanied by (‘hemical 
information about the samples studied, some of these measui’emcnts might have 
been valuable. The author makes some statements which seem soraowliat doubtful 
to the present levicwer. On p. 95 it is stated that the volume of the molecules increases 
only when the temperatui’o has reached about 55°. On p. 97 the author mentions 
the “fact” that below 54° serum is practically unalterable, no matter wliat the dura- 
tion of the heating. The reviewer, having had occasion over a period of 20 years t.o 
try to preserve soi*um with as little alteration as possible, fech< (\specially keenly about 
the latter statement. 

From the observation that ten of the phenomena si.ucli(‘d liy him In^gin to lx* evi- 
dent. at a temp(M’aiur(' of 50°, the author considers tliat this teiupi‘rature is of par- 
ticular significance. Howeyer justifiable this conclusion may be, the furtluii* sU‘p in 
masoning, namely that therefore the destruction of alexin (compk‘meul.}, which also 
has a critical hunpcratuni in this neighborhood, is related to th(‘ stmctural aiul chemi- 
cal modifications determined by heat in the “serum molecule” as a whol(», seems a 
bit doubtful. It also setuns too bad that the author Joes not seem to know of th(> 
brilliant w'ork of Pillemer, Eeker, and othem which demonslrati‘H that (iomi)lement 
is not a chemical entity, but consists of a number of separable componi^nts 

WiLiJAM C. Boyd, BosU)n, IMiiss. 

Xntracentrifugal Studies on Serum and Serum Fractions. By Kai 0. Pbdersen. 
178 pp. Printed in Sweden by Almgrist and Wiksells Boktiyckeri AB, Uppsala, 1945. 
Agent for the U. S., G. E. Stcchert and Co., New York, N. Y. Price $2.50. 

This thesis represents the result of prolonged studies carried out by the author at 
XJpsala in the years 1939 to 1944; it has grown from years of earlier work, much of 
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which ha« bwii voporled in the groat monograph of Svedbei*g and Pedereen on “The 
lUlracontrifugo.” 

Two major advaucob in oui* understanding of serum and plasma proteins are re- 
corded h(‘r(». Olio is the clarification of the natm*e of the “X-protein” of human serum, 
originally (loRcrib(‘cl by hIcFarlano, whose observations, however, left the nature of 
this substanco very much in doubt. The clue to its distinctive character was obtained 
through a chance observation of Pedersen's, systematically followed up, which re- 
vealed an oxtraordinaiy decrease in the sedimentation rate of this component with 
increasing denbity of the solvent. Indeed, in solvents of density > 1.04 the direction 
ol bodimentation is reversed, showing that this is the approximate density of the 
protein itself. Since the density of most dry proteins is near 1.33, it is clear that the 
compobition of the X-protein must be very unusual; and there is good reason to 
believe that it contains a very high proportion of lipids. Electrophoretically it appears 
to belong among the /S-globulins. Pedersen believes tha the X-protein “is a reversibly 
dissociable compound formed by albumin, globulin and some lipids with a total 
paiticlo weight of the order of magnitude 1 X 10®" (p. 32). Detailed evidence for this 
view - which is not to be regarded as completely established in all respects — is given 
in th<‘ report of numorous experiments. It is interesting to note that only human 
serum, among all the animal species yet studied, appears to contain appreciable 
quantities of X-protein. 

The Hi'cond major contribution of these studies is the characterization of a dis- 
tinctive globulin, fetuin, which is a predominant component in the globulin of serum 
from cow's fetus, and is present in large amounts in the serum of newly bom calves. 
It is also found in large quantities in the sera of the foal and of sheep's fetus, but it is 
practically nonexistent in the sera of adult animals. The molecular weight of fetuin 
is near 60,000, the sedimentation constant (sao) near 3.2 S. The asymmetry factor 
(1.6-1. 8) indicates that the form of the molecule deviates markedly from the spherical. 
The identification and characterization of this protein represents a major advance in 
our knowdedgo of scrum. 

A large portion of the thesis is devoted to a detailed report of a long series of 
fractionation studies on the sera of man and various animals, involving salting out 
with ammonium sulfate at progressively increasing concentrations, pH being also 
varied between 5 and 7, XJltracentrifugal studies on the separated fractions are given 
in great detail; in a few cases electrophoretic analyses are reported also. Further 
scpai-ation of euglobulins by dialysis of some of the fractions was also carried out. 
From the point of view of the author's primary aim— the separation of individual 
components, as judged by the criterion of uniform sedimentation constants — the 
results were disappointmg. Almost every fraction obtained proved to be a mixture, 
in spite of careful and systematic variation of salt concentration, pH, and the order 
of the different steps in fractionation, in a long series of carefully planned experiments. 
The data here reported, however, may serve as a valuable guide which will save much 
labor to future experimenters in this field. In short, this thesis is an indispensable 
work for all investigators seriously concerned with the study of the plasma proteins. 

John T. Edsall, Boston, Mass. 
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The Tryptophane Activity of Various Compounds for L. 
arabinosus and their Influence on the Determination 
of Tryptophane in Natural Materials* 

B. S. Schweigert, H. E. SSuberlich, C. A. Baumann 
and C. A. Elvehjem 

From the Depmtment of Biochemistry, CoUege of AgrieuUwre, 

University of Wisconsin, Madison 

Received February 18, 1946 
Introduction 

The Avide use of L. arabinosus for quantitative estimation of vitamius 
and amino acids depends upon its relatively specific requirements for 
these nutrilites. Nevertheless, the requirements for a given factor are 
not always rigidly specific, and interest has developed, for example, 
in the activity of compounds related to tryptophane when tested in 
tryptophane-free media. It has been shown that l-tr 3 q)tophane is 
required by L. arabinosus, and tliat indole and antlu’anilic acid will 
produce growth of this organism equivalent to 30-90% of that obtained 
with i-tryptophane when compared on a molar basis (1, 2, 3). Several 
other compounds related to tryptophane were also tested for their 
tr 3 rptophane activity but were found to be inactive (2). The basal 
media used in these studies contained amino acids in the form of 
hydrolyzed casein and cystine. Tatum and coworkers (4, 5, 6) have 
studied the biosynthesis of tryptophane from indole with Neurospora 
mutants and have shown that serine is necessary for this s 3 mthesis. 

Since media have been devised for L. arabinosus in which the amino 
acids are supplied in pure form (7, 8, 9) the apparent tryptophane 
activity of indole has now been measured in the presence and absence 
of serine when both the amino acid medium (9) and the cheaper but 
cruder casein hydrolyzate medium (10) were used. Xanthurenic acid, 

* Published with the approval of tho Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by grants from the National live Stock and 
Meat Board and the Wisconsin Alumni ^search Foundation. 
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indoleacrylie acid, anthranilic acid and aailine were also tested for 
possible tryptophane activity and the possible interference of indole in 
the determination of tryptophane in rat urine has been investigated in 
some detail. 

Experimental 

The microbiological techniques employed in this study with L. 
araMnosus are identical with those reported previously (9, 10). The 
Z-tryptophane standard curve was obtained over a range of 0-25 y/tube 
and the acid production was determined after incubation at 37°C. for 
72 hours. All tubes were adjusted with distilled water to a final volume 
of 10 cc. 

Stock solutions of the compounds tested were prepared as follows: 
Indole was dissolved in water and made up to a final concentration of 
100 y/cc. Anthranilic acid solutions were also prepared at this concen- 
tration and neutralized prior to addition to the medium. Xanthurenic 
acid and indoleacrylie acid^ were dissolved in water with the aid of 
NaOH, neutralized and diluted to a final concentration of 200 y and 
400 y/ec. respectively. Suitable dilutions were made from these solu- 
tions for testing apparent tryptophane activity. All solutions were 
prepared the same day as the tests were performed. Indole solutions 
were found to deteriorate when stored for 1 week. 

Influence of Serine on the Tryptophane Actio Uy of Indole 

A previous study (9) showed that serine was not essential for the 
growth of L. arabinosus in media containing tryptophane. This 
observation has now been confirmed. When 1 mg. of dZ-serine was 
added per tube of the amino acid medium or of the medium containing 
the casein hydrolyzate, the recoveries of Z-tryptophano were 100-102% 
and 95-100%, respectively. In other words, serine did not alter the 
growth response of the organism. But when the tryptophane in the 
synthetic medium was replaced by indole, the groivth response due to 
a ^ven amount of indole was found to increase with increasing levels 
of serine. However, no increase in activity was observed when serine 
was added to the casein hydrolyzate medium presumably because 
optimal amounts of serine were already present in the hydrolyzate. 
Separate studies revealed that 1 mg. of eZZ-serine per tube was optimal 
for maximum indole activity with the amino acid medium. The 

‘ Synthesized by Dr. J. A. Miller. 
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activity increased m the range of 50 7 to 1 mg. of serine per tube 
with no further increase thereafter. One mg. of serine was used in all 
subsequent work. 

The activity of indole was then tested at levels ranging from 2.5 to 
60 7 per tube in the presence and absence of serine on both media 
and compared to that of tryptophane on a molar basis. Three separate 
assays were made with triplicate tubes at each level of indole tested. 

Indole alone stimulated the growth of L. arabinosus on both the 
synthetic medium (Fig. 1, Curve E) and on the casein hydrolysate 



Fio. 1 

Standard Curves ObUiuod for Indole and Tryplophane after Incubating L. 
arabinoswi for 72 Hours at 37°C. Tlie amounts of indole tested are expressed as 
tryptophane on a molar basis. 

Cierve A f-Tryptophano standard curve obtained with the casein hydrolysate 
medium. 

Cum B f-Tryplophane standard curve obtained with the purified amino acid 
medium. 

Cum C Indole (± serine) with the casein hydrolysate medium. 

Cum D Indole + serine with the amino acid medium. 

Cum E Indole (no serine added) with the amino acid medium. 

medium (Cuiwe C). Tryptophane stimulated growth to a greater 
extent than indole, and the amount of growth in the presence of the 
amino acid was essentially the same on the ssmthetic and crude media 
(Curves B and A, respectively). When serine was added to the syn- 
thetic medium, growth due to indole was enhanced (Curve D as 
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compared to E) but it never reached that observed when indole was 
added to the casein hydrolyzate (Curve C). Since gro^vth on the 
synthetic medium plus indole and serine (Curve D) never equalled 
that on the hydrolyzate plus indole (Curve C), it appears that other 
factors in the casein hydrolyzate contribute to the apparent trypto- 
phane activity. 

TABLE I 


Tryptophane Activity of Various Compounds for L, arabinoeus in the Presence 
and Absence of Tryptophane^ 

f\’’alues expressed as percentage activity of tryptophane on a molar basis) 


Amount 

tested 

(7/tube) 

Indole* 

Indole** 

Antbranilio 

acid 

Xanthurenic 

acid 

Indoleacrylic 

acid 

+ 

trypto. 

trypto. 

+ 

trypto. 

trypto. 

H- 

trypto. 

tiypto. 

+ 

trypto. 

trypto. 

+ 

trypto. 

trypto. 

2.5 

42 

71 

7.3 

45 


42 





5.0 

27 

64 

8.0 

38 


32 


0 



7.5 

25 

58 

5.9 

32 


28 





10.0 

22 

52 


29 


23 


0 



12.5 


51 


25 

■■■ 

23 





15.0 


47 


24 


21 


0 



20 


44 


20 

6.3 



0 



40 


32 


12 

6.0 

19 

0 


0 

0 

60 


14 


10 




0 

0 

0 

100 







.2 

.2 

<5 

0 

150 







.1 


<5 

.5-1 

200 







.1 

.2 

<5 

.5-1 

300 







.1 


<5 

.5-1 

400 







.1 

,1 

<5 

.5-1 

800 








.1 

-5 

0 

1000 






<1 



-45 

0 

2000 









-90 

0 


* Tested with casein hydrolyzate medium. 

** Tested with synthetic amino acid medium + serine. 

^ 57/tube of indole were tested at the different levels of tryptophane indicated. 
For the other compounds different levels of the compounds were tested in the presence 
of 47/tube of tryptophane. 

Activity of Other Related Compounds 

The activity of anthranilic acid was tested at levels ranging from 
2.5-1000 7 per tube. Xanthurenic acid and indoleacrylic acid were 
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tested at levels ranging from 5-800 7 and 60-2000 7 per tube, respec- 
tively. The activity of indole (both media), xanthurenic acid, anthra- 
nilic acid and indoleacrylic acid was also determined in the presence 
of tryptophane. In the case of indole, a constant amount was added 
and the level of tryptophane was varied; and for xanthurenic acid, 
anthranilic acid and indoleacrylic acid, 4 7 per tube of tryptophane 
were added in conjunction with various levels of the test compounds. 
The results obtained for these experiments arc given in Table I. 

At levels of 2.5-40 7 per tube, anthranilic acid was found to be 
from 20-40% as active as tryptophane on a molar basis while xan- 
thurenic acid and indoleaciylic acid were essentially inactive. The 
activity of both indole and anthranilic acid was greatly reduced in the 
presence of tryptophane. High amounts of indoleacrylic acid (800- 
2000 7 per tube) depressed growth prograssively both in the presence 
and absence of added tryptophane. 

In Table II, the results obtained with compounds tested for tr3pto- 
phane activity with L. arabinosus in the present work and those from 
the literature are summarized. 


TABLE II 


Summary of the Tryptophmc Activity of Various Compounds for L. arabinosus 


Compound 

Level 

teat^ 

(-r/tubo) 

Per cent 
activity 
(molar baais) 

RefcroDce 

^Tryptophane 


100 


rfHV^tophanc 


60 

2, 12, 13 

Indole 

2-60 

90-14 

1, 2, 3, 13, present work 

Indole-3-acetic acid 

100 

0 

2 

i3-(Indole-3)-propionic acid 

100 

0 

2 

r“(Indole-3)-?i-butyric add 

100 

0 

2 

Tryptamine hydrochloride 

100 

0 

2 

Anthranilic acid 

2-40 

50-19 

1, 2, 3, proscnl work 

Xanthurenic add 

5-800 

<1 

present work 

Kynurenic add 

100 

0 

2 

Indoleacrylic add 

40-400 

<1 

present work 

Aniline 

6-3000 

0 

present work 

Skatole 

100 

0 

2 

p-Aminobenzoic add 

1000 

0 

1 

Orthanilic add 

10,000 

0 

1 

3-Indolealdehyde 

not given 

0 

13 
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EJfed of Indole on the Detenninalion of Tryptophane 
in, Natural Materials 

The preceding results might imply that L. arabinosiis is not suitablo 
for the quantitative determination of tryptophane in natural materials 
that also contain indole. However, Greene and Black (2) have shown 
that indole can bo extracted with ether prior to analyzing for trypto- 
phane and we have demonstrated that the apparent tryptophane 
content of human urine determined with L. arabinosus is essentially 
the same before and after extraction \vith ether (10). 

The absence of indole in natural materials might also bo indicated 
through the use of both L. arabinosus and either S. faecalis or Limeo- 
nostoc mesenteroides as test organisms; the latter organisms are unable 
to utilize indole to replace tryptophane (1, 12). Accordingly the 
tryptophane content of rat urine was determined with S. faecalis with 
the medium originally devised for the determination of threonine (11) 
(tryptophane was omitted from the basal medium and dZ-thrconinc 
added at a level of 2 mg. per tube). Urine was collected from rats 
which had received adequate purified rations, the samples were pre- 
pared for assay as described previously (10), and simultaneous assays 
for tryptophane were carried out with both S. faecalis and L. arabinosus. 

TABLE III 

A Comparison oj Values for the l-Tryptophane Content of Hat Urine 
Determined by Two Methods of Assay 


Sample No. 

7 of ?-tryplophanc 
per cc. of 
diluted urine 
(L. arahimsm) 

7 of ^-trypt(>i)hano 
per cc. of 
diluted urine 
{8. faecalis) 

1 

0.40 

0.41 

2 

1.47 

1.33 

3 

0.28 

0.36 

4 

1.34 

1.10 

5 

0.86 

0.83 

6 

0.39 

0.43 

7 

2.75 

2.90 

8 

3.20 

3.40 


The results (Table 3) show that similar values for tryptophane 
were obtained with both organisms for samples that varied in trjrpto- 
phane over an 8-fold range of concentrations. These results thxis 
substantiated the earlier observation that indole is not ordinarily 
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present in urine in amounts sufficient to interfere with the determina- 
tion of tryptophane by L. arabinosits. Nevertheless, it should be 
possible to determine indole quantitatively with the two types of 
organisms. The total tryptophane activity determined with L, ara- 
binosus minus the amount found with S, faecalis would give the 
activity due to indole in the sample. From data similar to those in 
Table I, the amount of indole accounting for this activity could ))e 
calculated. 

Discussion 

The present work suggests that the mechanism by which indole is 
utilized in replacing tryptophane for L. arabinosus is similar to that 
for the Neurospora mutants. The means by which anthranilic acid 
supplies apparent tryptophane activity is still obscure, although the 
presence of the amino group o- to the carboxyl group is essential, 
since m- and p-amino benzoic acid (1) and aniline possess no trypto- 
phane activity. The extremely low activity obseiwed for xanthurenic 
acid and indoleacrylic acid may be due to impurities rather than to 
the substances themselves. 

Although most of the microorganisms thus far tested are highly 
specific in their amino acid requirements, the high activity of indole 
and anthranilic acid in replacing tryptophane for L. ardbinoms is an 
exception. Fortunately, the means of detecting the interference of 
such compounds with the determination of tryptophane in natural 
materials with L. arabumus are rapid and precise. 

Summary 

(1) Indole, anthranilic acid, xanthurenic acid, indoleacrylic acid and 
aniline were added to media free from tryptophane, and the production 
of acid by L. arabinosus measured after a 72 hour incubation period. 
In agreement with others, indole and anthranilic acid were found to 
increase the growth of this organism. Xanthurenic acid, indoleacrylic 
acid and aniline wore virtually inactive. 

(2) The adivity of indole was increased by the addition of serine to 
a medium low in this amino acid. When a casein hydrolyzate was used, 
no increase in the activity of indole was noted when serine was added. 

( 3 ) The apparent tryptophane activity of indole (casein hydrolyzate 
medium) decreased from 70 - 14 % as the concentiation of indole was 
increased (molar basis) from 2.6 to 00 7/tube. The activity of indole 
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in the presence of tryptophane rvas much lower. The activity of 
anthranilic acid likewise was very low' in the presence of tiypfophan<‘. 

(4) The same values for 1-trj'ptophane in rat urine were obtained 
w'hether L. arabinosus or S. faccalis was used as the test organism. 
Since the latter cannot utilize indole to replace tryptophane, it is 
apparent that urine does not contain sufficient indole to intei'fere 
with the tryptophane assay. 
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It is well known that, in order to maintain therai)cutic concentra- 
tions in the blood, sulfonamides must be administered several times a 
day. Therefore, it is not surprising that interest was expressed in 
sulfadiazine and later in sulfamerazine when blood concentrations of 
these drup were foimd to be maintained longer than with previous 
drup. In a study of sulfaquinoxaline^ conducted in this laboratory 
(Seeler, Mushett, Graesslc and Silber, 1944), it was found that ther- 
apeutically effective concentrations persisted for several days after a 
single dose. 

Several investigators (Gilligan, 1943; Davis, 1943; Fisher, Troast, 
Waterhouse and Shannon, 1943) have noted a relationship between the 
distribution of sulfonamide drup in body fluids and their protein- 
binding capacity. Since the amo\iat of drug in the circulation is only a 
small fraction of the total dose administered, it seemed i)OS8iblc that 
part of the dose might be stored or retained in the body and thus 
provide a relatively prolonged supply of drug to replace that removed 
from the circulation. In the present study, an attempt has been made 
to evaluate various factors which affect the maintenance of therapeutic 
blood concentrations of sulfonamides, with particular attention to 
absorption and excretion after oral and intravenous administration 
to rats. 

‘ Synthesized by Woijlard, J., Tishlor, M., and Erickson, A. E., J. Am. Chem. Soc. 
66, 1957, 1944. 
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Mistbodb 

Single doses of 200 ing./kilo were administered either orally or 
intravenously to adult white rats (150-250 g. each) of the t'arworth 
strain. Oral doses were given in 2% aqueous suspension, ini ravenous 
doses in 4% solution. Except where noted, rats were fasted overnight 
and fed ad libitum 2 to 3 hours after dosing. Drug concentrations wore 
determined by the method of Bratton and Marshall (1939) in blood, 
plasma and urine by direct assay, in tissue after homogenization by 
moans of a glass tissue grinder,* and in feces and gastro-intestinal tractis 
after heating to boiling in alkaline solution. Blanks were included and 
corrections made for color or turbidity of the samples. In experiments 
with acetylsulfaquinoxaline, samples were first hydrolyzed at J()0°C). 
with 0.2 N HCl for 1 hour. Paraffined metabolism cages were washo<l 
down thoroughly with water for determination of urinaiy excretion. 

Results 

The fii-st section of this study was concerned with the fate of the 
drugs in the body and included determination of the concentrations in 
blood, plasma and liver, the gastro-intestinal content, and urinary and 
fecal excretion. After oral or intravenous administration of 200 mg. of 
sulfaquinoxaline (SQ), sulfamerazine (SM) or sulfadiazine (SD) pc)’ 
kilo body weight to fasted rats, analyses wore perfomed sis shown in 
Table I. 

Although the initial plasma concentrations were similar, cotieentra- 
tions of SQ wore 2 to 8 times those of SM or SD 24 and 48 hours after 
oral or intravenous administration. Concomitant assay of the in- 
testinal contents revealed 2 to 4 times as much S(i, indie,!! ting a 
correlation between plasma concentration and the total amount of drug 
in the gastro-intestinal tract. Similarly, assay of the gastro-intestinal 
contents for SM after 24 hours revealed twice the amount of SI) found 
at the same time, and this was correlated with a higher plasma con- 
centration of SM. 

The studies of the fate of the dmgs after intravenous injection, there- 
fore, assumed added importance because it was felt that any effect of 
drug in the gastro-intestinal tract might be minimized by this mode of 
administration. However', the plasma concentrations of SQ were again 

* Soiemtafic Glass Apparatus Co., Bloomfield, N. J. 
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distinctly superior to those of SD and SM, and assays of the contents 
of the gastro-intestinal tract showed that a correlation still existed 
between plasma concentration and intestinal content of drug. In these 
experiments the correlation was obviously effected by excretion into 
the intestinal tract. The extent of this excretion was shown by the 

TABLE I 

Plasma Concentrations* Gastrchlntestinal Content and Excretion of Sulfa- 
quinoxaknej Sulfamerazine and Sulfadiazme in Rats, (G.I. = 
gastro-intestinal tract; % = % of dose) 

After oral administration of 200 mg./kilo (averages, 4 rats each) 


Time 

Sulfaquino-cubne 

Sulfamoiazino 

Sulfadiazine 

PlttSlIU 

GI. 

Uiinc 

Feres 

Plasma 

G.I. 

Urine 

Feces 

PLu>ma 

G.I. 

Urine 

Feces 

houis 


mu. per 

per 

per 

pu 

mg. per 

Pif 

ptt 

jwr 

mg. per 

pet 

per 

per 


teni 

rent 

tent 

tent 

cent 

cent 

cent 

rent 

lent 

cent 

cent 

1 

rent 

4 

16.2 

74.0 



17.8 

68.0 



16.1 

75.0 



8 

14.7 

40.0 



16.8 

43.0 



9.4 

65.0 



24 

10.5 

20.0 

13.7 

30.8 

5.0 

9.5 

46.0 

35.0 

3.2 

4.4 

40.0 

36.0 

48 

8.6 

9.6 

22.6 

42.5 

1.0 

2.3 

52.1 

38.0 

1 4 

2.3 

42.1 

39.5 


After intravt'iious administration of 200 mg. per kilo (averages, 2 rats each) 


2 

35.0 

8.8 



32.2 

7.4 



34.6 

10.4 



4 

35.0 

12.3 



25,0 

9.5 



31.4 

13.0 



8 

30.0 

22.0 



16.6 

12.7 



15.6 

11.7 



24 

19.0 

34.0 

24.0 

12.3 

4.3 

2.9 

39.0 

13.7 

4.4 

2.9 

40.0 

8.0 

48 

8.2 

5.8 

30.3 

23.8 

0.8 

1.1 

41.6 

21.2 

2.6 

1.4 

42.1 

U.5 

72 

2.5 

2.6 



0.5 




3.8 

1.0 




Blood concontralions averaged 74% of the plasma concentrations and on a nig./g. 
basis, liver concentrations averaged 45% of the plasma concentrations with no 
significant differences Ix'tween drugs, so these have been omitted from the table. 


finding of 22% of the intravenous dose of SQ in the gastro-intestinal 
tract after 8 houi*s and a 48 hour fecal excretion of 24%. After oral 
administration the urinary excretion of SQ was delayed. It was not 
until 4 to 5 days that the fraction of SQ excreted equalled that of SM 
or SD excreted in one day. 

The correlation between plasma concentration and the amount of 
drug in the intestinal tract 24 and 48 hours after oral or intravenous 
administration indicated that retention of drug in the intestinal tract 
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might be primarily involved in the maintenance of blowl concentra- 
tions. Two experiments have l)een perfonnwl to test this possibility. 

In the first, 16 fasting rats were dosed orally with SQ, SM or SD and 
after 24 hours, the 3 sections of the gastrointestinal tract wore removed 
for assaj" as shown in Table II. Gastric retention of 30^V) of the SQ dose 


TABLE II 

The Amou)U of Diug in the Gastio-Inteilindl Ticut 3'i. Jloun aflei Oiul 
Admmishatum of 300 mg /kilo to Fasting Rats (averagcb of 6 lals each) 


Drug 

Stomftoh 
per cent of dose 

Small mtestme 
pci cent of dose 

Jwaigc mlostnio 
pH cent oj dost 

SQ 

30.0 

5.2 

21.1 

SM 

negligible 

2.0 

U.O 

SD 

negligible 

0.9 

20.(> 


was observed after 24 hours whereas SM and SD had been almost 
completely eliminated from both the stomach and the small intestine. 
It is evident that this delay in emptying time of the gut must be 
involved in the maintenance of blood concentrations of sulfaquinoxaline 
since it affords a relatively continuous source of drug for absor])tion. 

In the next experiment, 16 rats were dosed with SD after feeding 
and food was then withheld from half of them in an attempt to mini- 
mize loss of drug by decreasing the fecal output. Groups of 4 rats were 
sacrificed after 24 and 48 hours for comparison of gastro-intestinal drug 
content and blood concentrations. Those animals which were not fed 
after dosing had 2 to 3 times as much drug in their gastro-intestinal 
tracts and the blood concentrations wore correspondingly 2 to 3 times 
higher than those of rats which were allowed to eat. l^’urthormoro, the 
blood levels were substantially the same as those found in rats dosed 
with SQ (averages of 4 rats; 24 hours, 9.2 mg. % SQ, 9.6 mg. % SD; 
48 hours, 4.7 mg. % SQ, 4.0 mg. % SD). 

Since the intestinal assays in the previous experiments did not 
differentiate between drug which was passing along the intestinal tract 
with food and drug which had been excreted into the intestinal tract, 
these experiments yielded little information regarding the site or 
extent of absorption and excretion of the drugs. Therefore, 200 mg. 
of SQ, SM or SD/kilo (in 4% solution) were injected into the stomach, 
small intestine, large intestine or leg van of anesthetized rats after the 
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three sections of the gastro-intestinal tract had been ligated. In this way 
absorption from, and excretion into, each section were studied. The 
results of assays made after 24 hours are summarized in Table 111. 


TABLE III 

Amount of Drug tn Ligated Sedions of the Gastro-intestinal Tract 24 Houis 
after Injection of 200 mg. SQ, SM or SDIkilo 


Drug 

Site of mjecUon 

Stomach 
per cent of dose 

Small mte^tine 
per cent of dose 

Large intestine 
per cent of dose 

Blood 

concentration 
m(f. per cent 

SQ 

Stomach 

81.6 

3.0 

negli^ble 

3.2 

SM 

Stomach 

68.0 

5.8 

negligible 

3.0 

SD 

Stomach 

55.0 

2.4 

negli^ble 

4.4 

SQ 

Small intestine 

negligible 

1 22.0 

1.8 

mssM 

SM 

Small intestine 

negligible 

! 16.5 



SD 

Small intestine 

negli^ble 

7.0 

1.3 

10.6 

SQ 

Large intestine 

negligible 

— 

65.0 

9.0 

SM 

Large intestine 

negligible 


40.4 

5.2 

SD 

Large intestine 

nc^gible 

■■ 

9.7 

3.2 

SQ 

Vein 

negligible { 

21.3 

6.2 

16.6 

SM 

Vein 

negligible 

24.0 

2.0 

3.6 

SD 

Vein 

ne^igible 

5.2 

1.6 

6.4 


Sulfaquinoxaline was more slowly absorbed from each section of the 
gastro-intestinal tract than SM, and SM was in turn absorbed at a 
slower rate than SD. Absorption was best from the small intestine and 
slowest from the stomach. The large intestine was intermediate in 
absorptive capacity. 

Excretion into the stomach was n^ligible in terms of fraction of the 
dose found after 24 hours. Significant amounts were excreted into the 
large intestine, but excretion into the small intestine was much more 
pronounced. 

To determine the effect of modification of the sulfaquinoxaline 
molecule, the distribution of three derivatives® was investigated — ^the 
acetyl (N^acetylsulfaquinoxaline), the hydroxy (2-Bulfanilamido-3- 
hydroxyquinoxaline) and an amino derivative (2-sulfanilamido-8- 

’ Kindly furnished by Dr. K. Pfister and Dr. P. J. Wolf of the Merck Besearch 
liuboratories, Bahway, N. J. 
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aminoquinoxaline). The acetyl and hydroxy dorivativoB arc of parli- 
cular interest since they are metabolic productH of Hiilfa<iuinoxalin(‘ 
(Scudi and Silber, 1944). Eesults after oral and ini ravc'nous adniiiiiH- 
tration are summarized in Table IV; for comparison willi H(i, iSlvr and 
SD see Table I. 

TABLE IV 

Plasma Concentrations, Gastio-ItUeshnal Content and lUxcietion of 
Sulfaquinoxaline Derivatives in Rats 
After oral administration of 200 mg./kilo (averagos 4 rats each) 


Time 

hours 

HydroxyBulfaquinozalme 

Ainmosulfaguiiioicalmo 

Aoolvlsulfaqninoxalino’* 

Plasma 
mg. 7 )fir 
lent 

G.I. 

per 

cent 

Uiine 

per 

cent 

Fecefa 

pet 

cent 

Plasma 
mo per 
lent 

1 

GI. 

jter 

cent 

Urine 

per 

lent 

Pecos 

ptr 

cent 

Plasma 
mg, pn 
lent 

(U. 

pti 

C( lit 

Uiino 

Pit 

tint 

Fooos 

pir 

tent 

4 

0.55 

78.0 



0.5 

84.0 



0.8 

60.0 



24 

1.2 

17.0 

2.3 

50.0 

0.4 

9.3 

3.7 

78.0 

2.2 

3.0 

32.0 

25.0 

48 

0.5 

8.0 

4.8 

58.0 

0.4 

3.1 

6.2 

81.0 

1.3 

1.4 

36.0 

25.0 


After intravenous administration of 200 mg. por kilo (averages 2 rats each) 


4 

18,0 

15.4 



13.0 

33.0 



12.4 

22.0 



24 

17.4 

23.0 

25.0 

5.3 

1.2 

7.2 

20.8 

10.4 

5.2 

2.0 

61.7 

8.0 

48 

4.7 

8.0 

34.7 

6.4 

0.6 

4.2 

26.6 

36.4 

2.3 

1.5 

63.5 

11.5 


* Aftei- oral administration of acotylsulfaquinoxaline, 20-30% of the drug in llie 
plasma, urine and feces was hydrolyzed to sulfaquinoxalino. 


The small fraction of the oral dose of amino SQ or liy<lroxy Bti 
found in the urine, the large fraction in the feces and the low plasma 
concentrations showed that these derivatives wore poorly al>sorbcd. 
This may be correlated with their low solubility (Table V). On tlu‘ 
other hand, the soluble acetyl derivative was absorbed and excreted 
rapidly. Like SQ, hydroxy SQ was retained in the gut after oral or 
intravenous administration. This resulted in prolonged blood con- 
centrations after intravenous administration, but after oral adminis- 
tration poor absorption limited the blood concentrations to aboxit 
1 mg. %. 

The rapid urinary excretion of acetyl SQ and slow excretion of SQ 
suggested that there might be a striking difference in binding by 
plasma protan. However, when binding was measured in rat plasma 
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1 ) 3 ' the jiroccdiirc outlined by Davis (1943) and calculated by the 
method of Gilligan (1943), it was found that there was no significant 
difference between the binding of SQ and any of its derivatives. SQ 
was bound to the extent of 88.5%, amino SQ, 93%, hydroxy SQ, 92.5% 
and acetyl SQ, 93.5%. SM and SD were bound 74.5% and 62%, 
respectively. 


TABLE V 


Drug Solubilities in MIIB Phosphate Buffer at S7‘‘C., in mg. %* 



pH 6.0 

pH 6.0 

pH 7.0 

pll 8.0 

Sulfaquiuoxalinc 

L3 

1.4 

11.6 


Ilydroxysulfaquinoxaliiio 

0.4 

0.6 

2.7 

19.0 

Amlnosulfaquinoxalino 

1.1 

1.1 

2.9 

23.0 

Aootylsulfaquinoxalino 

7A 

30.0 

207.0 


Sulfamcrazinc 

35.0 

38.5 

82.0 


Sulfadiazine 

12.0 

15.4 

70.0 



*' Equilibrium iiotwccn solid and liquid phases was obtained vnthin one week and 
the pll at equilibrium was mcabured mth the glass electrode. 

' ► pH 7.6. 


Discussion 

Two drugs which are bound by plasma protein to the extent of 93% 
(amino SQ and acetyl SQ) failed to maintain significant blood con- 
centrations after cither oral or intravenous administration. After oral 
administration of amino SQ, the significance of the 93% protein bind- 
ing was superseded by the, extreme insolubility of the drug which 
resulted in loss of a major fraction in the feces. When the drag was 
given intravenously, however, the rate of excretion became the con- 
trolling factor and the blood concentrations decreased rapidly, in spite 
of tlie high degree of plasma binding. Biliary excretion (Bettman and 
Spier, 1939, and Shay, Komarov, Siplet and Fcls, 1944) was pre- 
sumably enhanced, or rcabsorption was limited, since 36% of the drug 
was foun<l in the feces as comijared with 6.4% for hydroxy SQ, which 
has approximately the same solubility. 

The N<-aoetyl derivative, on the other hand, is quite soluble and is 
quickly removed from the blood in spite of the high degree of protein 
binding in the plasma. The excretion of 32% in the urine within one 
day after the oral dose and 62% one day after the intravenous dose 
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hliowh that thia drug; ia oliminated by the kidney more efiiciently than 
SQ, hydroxy S(i or amino SQ, possibly in part by tubular secretion 
like N^-acetylsulfanilamide (Fisher, Troast, Waterhouse and Shannon, 
1943). 

The critical factor in the maintenance of SQ bloo<l concentrations is 
the retention of drug in the gastro-intestinal tract w'hich results from 
excretion into the intestine and delayed emptying time. Hydroxy SQ, 
which is less soluble than SQ, is poorly absorbed but, like SQ, is slowly 
eliminated from the gut. When poor absorption is eliminated jis the 
limiting factor by intravenous administration, the ))lood concentrations 
are maintained almost as well as those of SQ, ap])arently as a result of 
accumulation of dnig in the gut (23% of the dose after 24 hours, %% 
after 48 hours). This seemingly contradictory result may be explained 
in one of the following ways: either the drug excreted into the intestine 
had been converted, at least in part, to a form which was absorbed 
more readily than hydroxy S(i, or the prolonged absorption of hydroxy 
SQ from the gut, although slight, was sufficient to compensate to a 
large degree for the loss in the urine. 

The presence of food decreases blood concentrations by inhibiting 
absorption and increasing fecal loss of drug. Dnig administered to 
fasting animals is more efficiently absorbed and retained in the gastro- 
intestinal tract longer, thereby both increasing and prolonging blood 
concentrations. By restricting feeding, fecal loss of SD has been 
minimized and blood concentrations have been maintained as long as 
those of SQ. Administration of sodium bicarbonate to rats receiving 
SQ has been found to aggi’avate the toxicity by increasing the concen- 
tration of drug in solution in the intestine, and thereby enhancing 
absorption. 

Accumulation in the tissues would tend to retain drug in the body, 
but there has been little evidence to support this possibility. No 
accumulation in the livers of rats has been observ’^ed after single oral or 
intravenous doses. The concentration in the liver varied directly with 
the concentration in the blood. Furthermore, in monkeys dosed daily 
for one month with 100 mg, SQ per kilo, the concentration in the 
tissues (brain, heart, liver, muscle and spleen) ranged between 0.05 
and 0.2 mg./g. 

After comparing the prolongation of blood concentrations with the 
degree of protein binding of a large series of sulfonamides, Van Dyke, 
Tupikova, Chow and Walker (1945) have also concluded that a high 
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degree of ])rotein binding does not alone prolong blood ooncentrationb 
of sulfonamides. 


Summary 

1. Although sulfaquinoxaline was bound to the extent of 90% in rat 
plasma, compared with 75% for sulfamerazine, a more significant 
factor involved in prolongation of blood concentrations of the drug 
was the delay in emptying time of the gastro-intestinal tract. As much 
as 30% of an oral dose was found in the stomachs of fasting rats after 
24 houi*s. 

2. N^-acetyLsulfaquinoxalinc and 6-aminosulfaquinoxalinc were 
bound in plasma to the same degree as sulfaquinoxaline, but did not 
maintain therapeutically significant blood concentrations after oral or 
intravenous administration. 

3. Like sulfaquinoxaline, 3-hydroxysulfaquinoxaline was 90^ i ))ouad 
ill plasma, was excreted into the intestinal tract to a large extent and 
was slowly eliminated from the gut. However, it was poorly absorbed 
after oral administration, apparently due to its low solubility. 

4. The concentration of sulfadiazine in the blood was maintained, 
as well as that of sulfaquinoxaline, when food was withheld after oral 
administration of the drug. This was a direct result of decreasing fecal 
loss of the drug, thereby retaining drug in the intestinal tract. 

T). Absorption of sulfaquinoxaline, sulfamerazine, and sulfadiazine 
from 3 sections of the gut was compared by determining the fraction of 
a dose remaining in ligated sections 24 hours after injection. All were 
absorbed most from the small intestine and least from the stomach, 
with the large intestine intermediate in absorptive capacity. Sulfa- 
quinoxaline (the least soluble) w^as the most slowly absorbed from all 
3 sections. Excretion into the small intestine w^as a])proximatcly equal 
to urinary excretion. Excretion into the stomach was negligible, but 
significant amoiinis were found in the lai-gc intestine after intravenous 
dosage. 
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Introdtjction 

In a study of the growth requirements of over thirty species and 
strains of lactobacilli (1), it was found (2) that Lactobacillus gayoni 
8289 failed to grow in a medium which permitted optimum growth of 
the other strains. On addition of yeast or liver extracts to the growth 
medium, L. gayoni 8289 grew abundantly. Undoubtedly these natural 
materials contain many unknown chemical compounds, and it ap- 
pears evident that they supply a substance (or substances) required 
by this bacterium which was not found in any of the growth media 
used. This paper reports experiments which demonstrate the non- 
^identity of this substance with known growth-promoting agents, and 
presents methods used in preliminary characterization and concen- 
tration of the factor. For convenience, it is referred to throughout as 
the Gayoni factor. 

EXPBR1M1SNT.1L 

Organism 

TjOctobaciUiis gayoni 8289, American Type Culture Collection, h kept on stab cul- 
tures in a medium containing 1% glucose, 1% Difeo yeast extract, and 2% agar. 
Ktabs are incubated at 37°C. until heavy growth is obtamed (24 to 36 hours) and then 
kept in a refrigerator. Stock cultun's are transferred every month, while stabs for 
daily use are prepared weekly. 

Cultures lor inocula are made by transfening cells from a stab to a sterile liquid 
medium smtable for growth. Such a medium is prepared by adding 6 mg. of a liver 
extract to 5 ml of the basal medium (described later) and diluting to 10 ml. with 
water. The culture is then grown for 24 hours at 37°C. 

* Published with the approval of the Monographs Publication Committee, Oregon 
State College, Research Paper No. 99, School of Sdence, Department of Chemistry. 

This work was supported by Research Corporation, Inc., New York, and the C»en- 
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Basal Medium 

The basal medium used throughout these experiments is given in Table I. It is a 
modified Snell and Wright medium (3, 4) containing, in addition, extracts of Difeo 
yeast and peptone which have l>ecn freed of the Gayoni factor by adsorption on 
Norit and Lloyd’s reagent. This medium supports luxuriant growth of L. caseiy 12 
ml. of 0.1 iV acid being produced in the “blank” tubes after 72 hours. L, gayoni^ by 
contrast, grows very poorly in this medium, but responds quantitatively when graded 
amounts of a source of the Gayoni factor are added, producing up to 20 ml. of 0.1 iV 
acid in the presence of 2 mg. of Wilson’s solubilized liver (Fraction L) or Lcderle 
liver concentrate.^ 

TA3LE I 

Basal Medium for L, Qayoni 


Casein, vitamin free, II2SO4 or HCl hydrolyzed 10 g. 

Peptone, Norit adsorbed T) g. 

Yeast, Doyd’s reagent adsorbed 2 g. 

Sodium ac*etate, anhydrous 40 g. 

Glucose 40 g. 

Cystine 200 mg. 

Tryptophan 200 mg. 

Adenine sulfate, guanine hydrochloride, uracil, thymine each 20 mg. 

Riboflavin 400 y 

Thiamin, nicotinic acid, calcium pantothenate, pyridoxine hydrochloride, 

p-aminobenzoic acid each 200 y 

Biotin 0.8 y 

Folic add* 0.25 y 

Salt solutions A and B (14) each 10 ml. 

Distilled water to 1000 ml.; pH to 6.7 


* Pure liver folic acid or a spinach concentrate (potency 7500) arc used. 

The preparation of the above extracts is carried out as follows: 16 g. of dried Difeo 
yeast are dissolved in 400 ml of distilled water, the pH is adjusted to 1 with con- 
centrated HCl, and 16 g. of Lloyd’s reagent are add^. The mixture is shaken me- 
chanically for one hour, filtered and the process repeated with a fresh 16 g. sample of 
Lloyd’s reagent The final solution is adjusted to pH 6.7 before using. It is preserved 
under toluene in the refrigerator. The final concentration of yeast is 40 mg. per ml. 
based on the ori^nal extract 

The same procedure is followed for Difeo Bacto-Peptone, except that 20 g. of pep- 
tone in 400 ml. solution are adsorbed on 3 g. of Norit at pH 1.5. The final concentra- 
tion of peptone is thus 50 mg. per ml. 


^Lederle liver concentrate 1:15.6 is a hot water-soluble extract of fresh liver 
evaporated to dryness. Wilson liver fraction L is the 70% ethyl alcohol-insoluble 
fraction of whole liver solution which is redissolved in hot water and evaporated to 
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Assay Procedure 

The procedure followed is similar to microbiological assay of B vitamins. Samples 
are arranged in test tubes containing 5 ml. of the liquid medium adjusted to pH 6.7 
(suitable for growth). A standard curve, which is included with each series of assays, 
contains 0, 0.25, 0.5, 0.5, 1,0, 1.0, 1.5, and 2.0 mg. of liver powder per tube (10 ml.). 
Samples to be assayed are usually tested at varying levels equivalent to 0.2~0.8 mg. 
of liver powder. 

Tubes are cotton-plugged and sterilized by autoclaving for 15 minutes at 16 pounds 
pressure. After cooling, they are inoculated aseptically with 1 drop of a dilute inoculum 
prepared by adding 1 ml. of the 24-hour culture (previously described) to 10 ml. of 
sterile 0.9% NaCl solution. The tubes are incubated at 37®C. in a water bath. Growth 
is measured by turbidimetric readings after 36 to 45 hours by use of a suitable turbi- 
dimeter, or by titration of the lactic acid produced with 0.1 iV" NaOH after 68 to 72 
hours. Comparative activities of samples are obtained by reference to the standard 
curve. (See Figs. 1 and 2.) 



Fig. 1 

Turbidimetric Besponse of LoofodociKw gayoni to the Gayoni Factor 
in Solubilized liver (Fraction L) 

Optical density equals log 100 minus log per cent transmission (equals 2— log G) 

Response of L. gayoni to Knovm Compounds 

Before intensive efforts were made to concentrate the Gayoni factor, 
a large number of growth-promoting agents were tested for activity 
with L. gayoni. 

Growth in the basal medium could not be improved by altering the 
concentrations of the ingredients or by the addition of inositol, choline 
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and asparagine in varying amounts. Numerous nitrogenous substanc(»s 
wore tested, since preliminary work suggested the presence of basic 
groups in the factor. All were inactive. These included: the 21 amino 
acids derived from proteins (alone or in (‘ombination, supplementing 
those present in the medium), dZ-alanine (with and without pyridoxine 
(5)), a-aminobutyric acid, a-aminoisobutyric acid, oj-aminocaproic 
acid, a-aminocaprylic acid, a-amino-a-methylbutyric acid, a-amino- 
valeric acid, 5-aminovaleric acid, €-benzoylaminocaproic acid, gluta- 
mine, ornithine and phenylglycine. The tripeptide glutathione was 



Fig. 2 

PnMhiced by Lactobacillus gayoni in Response to the Gayoni Factor 
in Solubilized Liver (Fract/ion L) 


tested, as were the following pyrimidines and purines: yeast nucleic 
acid {per se or various hydrolysis products), xanthine, hypoxanthine, 
2-amino-4-diethylanainopyriniidine, 2-amino-4-hydroxy-6-methylpyri- 
midine, 4-amino-5, 6-dimethylpyrimidine, 2-aminopyrimidine, 6-amino- 
pyrxmidine, 2,4-diaminopyriinidine, 2,6-diethyl-6-aminopyrimidinc, 
5-ethyl-6-aminopyriinidine, 2-methyl-6-anainop3rriinidine, 4-methyl- 
G-aminopyr im idi n e, 2-methyl-6-ethoxymethyl-6-aminopyrimidine, 4- 
methyluracil, isocytosine and xanthopterin. Pyridine carboxylates 
which were ineffective were arecaidine, arecoline, trigonelline, N- 
methylnicotinamide, and nicotinuiic acid, as well as the growth 
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factors nicotinamide, coenzymes I and II (alone, together, or 
their acid or alkali hydrolysis prodiicts), o-pyracin, i8-pyi-acin, j3- 
pyracin (free acid), pyridoxal, pyridoxamine, the acid or alkali 
hydrolysis products of folic acid (6), the L. casei yeast factor (7), 
crystalline vitamin Bo (8), an orange peel factor (9) and pimelic acid. 

Stimulation of growth by “Htrepogenin”-like material (1 0) has been 
observed for L. gayoni. If the yeast and peptone preparations are 
omitted from the basal medium, maximum growth and acid produc- 
tion arc not obtained with the amounts of liver extract indicated in 
Figs. I and 2. The resulting curves are sigmoidal in shape, having a 
relatively low slope at the beginning and reaching only about three- 
fourths of the maximum produced in the presence of yeast and pep- 
tone. However, “strepogenin” or other similar material in yeast, pep- 
tone or trypsinizod casein (1 1) cannot replace the Gayoni factor for 
growth, as is evidenced by the low readinp in the blank tubes of Figs. 
] and 2. 

Sources of the Factor 

Table II shows I’elative potencies of the Gayoni factor in natural 
materials. All values are compared to Wilson’s liver Fraction L, which 
is the richest source of the factor yet found. Vegetables arc seen to 
bo relatively rich sources; cabbage contains almost half as much as 
fresh liver on a dry weight basis. 


TABLK n 


Sources of the Gayoni Sartor 


Sour<*(^ 

Motliod of Preparation 

Relative 

Activity 

Livor powder (IxHlf'rk* 

Water solution 

1 

or Wilson L) 
liver 

Papain and takadlabt»ahe (12) 

0.15 

Pork livor (fresh) 

Papain and takadiastasc 

0.14 

Pork liver (fresh) 

Water hydrolyzed 

0.017 

Pork livor (froiih) 

0.1 li U^Oi hydrolyzed 

0.033 

IIamburgc‘r 

Papain and takadiastase 

0.035 

Peptone 

Water solution 

0.20 

Yeast extract (Difeo) 

Water solution 

0.83 

Vitamin-freo casein 

1 N HCl hydrolyzed 1 hour 

0.04-0.12 

Vitamin-free casein 

Trypsin hydrolyzed 2 days (11) 

0.06-0.2 

Dehydrated white potato 

0.1 N acid-fpapain and takad. 

0.1 -0.15 

Dehydrated cabbage 

0.1 N add-j-papain and takad. 

0.23-0.33 

Dehydrated tomato 

0.1 N acid+papain and takad. 

0.14-0.22 

Tomato juice 

0.1 N acid hydrolyzed 

0.042 
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The mcKle of extraction appears to have a marked effect upon the 
yield from fresh liver. Incubation with takadiastase and papain (12) 
results in nearly a ton-fold increase in activity over that obtained by 
hot water extraction. 


Characterization Studies 

Reactions of the Factor. Hydrolysis. The Gayoni factor as found 
in liver powder is stable to digestion with takadiastase and papain 
at pH 4.6 (12) but is destroyed completely by autoclaving 15 minutes 
with 6 N HsS 04 . It is only 50% stable to cither 30-minute autoclaving 
with 0.6 N NaOH or 24-hour cold treatment with 1 N NaOlI. 

Oxidation. Excess cold neutral KMn 04 or 6% H 2 O 2 destroys about 
20% of Gayoni activity. The permanganate was added dropwise until 
excess was noted and the solution was filtered. For the peroxide treat- 
ment, 1 ml. of the 6% reagent was added to 5 ml. of liver solution 
(20 mg./nd.) and allowed to stand at room temperature for 30 minutes. 
Excess II 2 O 2 was steamed out. 

Bromination. Excess bromine water was added dropwise to the liver 
solution. The solution was then boiled and filtered free of insoluble 
material. Only 40% of the original activity remained. 

Nitrous Add Treatment. Approximately 70% of the total activity 
is destroyed by reaction wth nitrous acid. Eight-tenths g. of NaN02 
and 1 ml. of glacial acetic acid were added to the liver solution and 
allowed to stand at room temperature for 24 hours. The solution was 
then carefully evaporated to dryness twice, redissolved and tested. 

Esterification. The Gayoni factor is destroyed up to 00%) when 
liver powder is treated with 1 % fuming H 2 SO 4 or 0.46 N HCl in meth- 
anol. All hydrolysis attempts with KOH failed, however. 

Heat. The Gayoni factor is stable to dry heat at 100®C. for a few 
minutes. However, maintenance of this temperature for one hour or 
more renders much of the liver powder insoluble in w'atcr and com- 
pletely destroys its Gayoni activity. 

Precipitation Reactions. Mercury. Either mercurous nitrate or mer- 
curic acetate precipitates the factor almost completely. When the 
mercurous compound is decomposed with excess HCl, about one-third 
of the activity can be recovered. Fractional mercuric acetate pre- 
cipitation according to the method of Warburg (13) was 98-100% 
complete, and recovery by H 2 S decomposition was as high as 70%. 
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About ou(‘-thir(l recoverable activity remained with the precipitated 
HgS and conld be separated from it by boiling in water. 

Lead. Basic lead acetate (14) precipitated 80-90% of total Gayoni 
activity. Recovery by precipitation with H 2 S and boiling with water 
was 85% complete. 

Siloer. Excess silver nitrate precipitated a large portion of the active 
factor, but only 30% of this amount w£is recoverable i)y boiling the 
residue with excess concentrated HCl. 

PhospMungdic Acid. Excess phosphotungstic acid precipitated 95% 
of the activity. Only 25% of this was recovered from the residue when 
barium hydroxide and sulfuric acid were used to decompose the pre- 
cipitate and clear the filtrate. 

Flavianic Acid. About two-thirds of the factor came down as a 
flavianate. The acid was added in excess and the filtrate cleared with 
barium hydroxide. Sulfuric acid was used to remove excess barium. 
Hot Ba(OII )2 decomposed the residue to release 10% of the pre- 
cipitated activity. 

Dialysis. Twenty-four hour dialysis of the factor removed about 
60% of the activity from the original solution. A liver solution of 
20 mg./ml. in water was placed in a cellophane bag in a beaker and 
cold tap water was ran into the beaker for the 24-hour period. 

Solubility-Fractionation. Immiscible Solvents. Selective solubility of 
the Gayoni factor in immiscible solvents showed it to be exclusively 
soluble in water and not at all in the non-polar solvent. Solvents used 
were ether, i-butyl alcohol, n-amyl alcohol, 7i-butyl alcohol and i- 
amyl alcohol. The last two were used in a continuous Dakin extractor 
(15) ran for 24 hours. 

Miscible Solvents. Glacial acetic acid and 95% ethyl alcohol dis- 
solved up to 50% of the factor. Dry acetone dissolved only about 10%. 
Water-solvent fractionations with ethyl alcohol and with acetone 
showed that the active component could be precipitated from water 
solution in varying amounts depending upon the volume-proportion 
of the organic liquid. Up to 83% could be successively fractionated as 
insoluble materid from a 60-73-80% acetone solution. 

Adsorption-elution Characteristics. Charcoal. The activated char- 
coals Norit, Norit A, and Darco G-60 adsorb the Gayoni factor readily 
in the acid pH range and slightly less easily at about pH 11. At pH 
1 to 3, shaking with 20% charcoal by weight twice for 1 hour each time 
results in 90-95% adsorption. The activity can be duted from basic 
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solution, tho Ix'st results being obtained with ammonia. Exhaustive 
elution with liol 28% N 114011 ftiv(‘S consistent jnelds of nearly 100% 
of total activity adsorbed. 

FvUer’s Earths. Lloyd’s reagent and a variety of other fuller’s earths 
adsorbed 85-90% of Oayoni activity at pll i and less at higher pTl 
values tested up to 6.5. Equal weight of the adsorbent and liver powdei’ 
were used. The same adsorption results when the powder is shaken 
once for 15 minutes as after two treatments for one hour each time. 
Cold 0.3 N or 0.6 N NaOH shaken with the reagent for a few minutes 
removes nearly all of the adsorbed activity. 

Alumina. Dry aluminum oxide powder in a column adsorbs 90-- 
96% activity at pil 3 or 5 and none at pH 1. Simple 15 minute shaking 
with 200% by weight of the alumina gave poorer results. Fairly satis- 
factory release in either case results with 20% NH4OII elution. 

Other Adsorbents. Other adsorbents which did not satisfactorily ad- 
sorb the Gayoni factor from liver powder at various pH values were 
Deealso, Florisil, Anex and Amberlite IR-1 or IR-4. The small amount 
of adsorbed material was, in a few instances, eluted completely with 
strong base. 


Preparation of Concentrates 

On the basis of information obtained tlirough characterization 
studies, a suitable method has been devised for concentrating the 
Gayoni factor from large quantities of Wilson’s solubilized liver. It is 
described below, and is outlined in Mg. 3 for two 500 g. batches 
( = 1,000,000 mgu.) of liver fraction L. 

Since the Gayoni factor has not been purified, it is necessary to use 
arbitrary units to designate the weights and concentrations present. 
The degree of concentration is therefore given in terms of “potency” 
(it), which is a measure of the activity of solid material at any step. 
All samples are compared to Wilson’s liver fraction L, which is as- 
signed a “potency” of 1. The measure of total activity is given in tei'ms 
of “milligram units.” One milligram unit (mgu.) is the amount of 
activity present in one mg. of liver fraction L. 

Five hunditsd g. of liver fraction L were dissolved in about one liter of distilled 
water by careful stirring. The pH was adjusted to 2.8-3.0 wdth concentrated IICI and 
the solution transferred to a 12-liter round-bottom flask. Distilled water was added 
to make 10 liters of solution, 100 g. of Norit added and the mixture stirred me- 
chanically for 45 minutes to 1 hour. At the end of this time, the solution was filtered 



Fig. 3 

Scheme for Concentration of the Gayoni Factor 
(Total initial activity = 1.000,000 ^Igu. ) 
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Ihrough Cclito at about 50 pounds pTohHuro. Thn Norit was washed while in the 
filU'r with 1 to 2 liters of water. The charcoal (with the Oolite) was eluted immedi- 
ately by boiling with 200 to 300 ml. of 28% lNfH40II and filtering. This elution was 
repeated until the filtrate showed very little color. The total volume of eliiaU^ was 
usually about I liter. In the meantime, the original filtrate from charcoal treatment 
was adsorbed on a fresh 100 g. batch of Norit and eluted in similar manner. The 
cluates were steamed separately to small volume to remove ammonia, 1 ml. of 
1 N NaOH being added to aid its release. The pH of such solution after steaming 
was found to bo approximately 6. The solutions were then made to convenient vol- 
ume (usually 250 ml.) with distilled water and filtered free of any charcoal still 
present. Small aliquots wore removed for dry wenght determination and assay. 

For subsequent Lloyd^s adsorption, the remaining solution was adjusted to pH 
1.5 with concentrated HCl. After the total weight of solids was obtained, an equal 
weight of Lloyd’s reagent was added and the mixture shaken for 45 minutes. The 
Lloyd’s reagent was removed by centrifuging and eluted with approximately 100 
ml. of 0.5 N NaOH. The elution was repeated 3 to 5 times with 50-100 ml. portions 
of NaOH and all eluates combined. Solids were determined in the supernatants after 
adsorption and solids in the cluates were assumed by difference, since they contained 
large amounts of NaOH. Potencies calculated from these weights may, therefore, be 
somewhat unreliable. 

Following this, identical Lloyd’s eluates from two 500 g. batches were combined 
and adsorbed on 60% Norit at pH 3 twice as previously described. Again, the char- 
coal cakes were eluted separately with hot 28% NH4OH and the solutions steamed 
to small volumes. 

Using this procedure, the bulk of the factor was obtained as a con- 
centrate of potency approximately 40, which is about 300 times the 
concentration in fresh liver. An overall apparent yield of 114% of the 
original activity was obtained in all fractions. This did not include an 
additional 50 to 60% which was lost in the filtrates from the various 
adsorption treatments. The apparent increase in activity which ac- 
companies adsorption and elution has been observed frequently, both 
with Norit and Lloyd's reagent. It seems likely that these adsorbents 
may remove growth inhibitors from the liver, thus increasing the 
sensitivity of the organism to the Gayoni factor. 

Discussion 

The unique growth requirements of L. gayoni 8289 which were noted 
at the outset with respect to other lactic acid bacteria also apply when 
this organism is compared to other strains of L. gayoni. Thus, L. gayoni 
F20 exhibits luxuriant growth in the presence of alkali-treated yeast 
and peptone with no added B vitamins except riboflavin (1). Similarly, 
good gro'sHh may be obtained with. L. fermenti 36 if thiamine is added 
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to the medium (1). The latter organism is apparently identical with 
L. gayoni 30 (16, 17, 18) ; in fact it may be possible (18, 19) that other 
strains of L. gayoni should be renamed as strains of L. fermenti. 

A study of the properties of the Gayoni factor makes possible a 
preliminary classification of the substance and a comparison of it with 
other recently reported growth factors which have not as yet been 
fully identified. Several of these compounds were available for testing, 
and, as sho^vn, gave no activity for L. gayoni. 

The factor clearly shows acid properties in its adsorption in the low 
pH range and its precipitation with heavy metals, even though esteri- 
fication experiments Avere not decisive. The extent of acidity appears 
small, however, since alumina adsorbs it nearly quantitatively at pH 
3 but not at all at pH 1. Basic properties are suggested by its adsorp- 
tion on Norit at pH 11, precipitation with flavianic and phospho- 
tungstic acids and destruction by nitrous acid. 

From results of dialysis and hydrolysis, the Gayoni factor appears 
to be boimd to protein in natural products but is not of protein pro- 
portions itself. Maximum growth-promoting activity for L. gayoni is 
supplied by this dissociated form, which is much more stable to hy- 
drolysis than is the complex from which it is derived. These facts 
alone would seem to distinguish it from the chick vitamins Bio and 
Bu (20, 21) or the L. casei yeast factor (7), all of which may be large 
molecule conjugates of some of the various “folic acids.” This yeast 
factor, which successfully replaces the vitamin M required by the 
rhesus monkey (22), showed no activity when tested by L. gayoni. 

Members of the folic acid group which were tested were crystalline 
vitamin Bo (8), crystalline liver folic acid and a folic acid concentrate 
from spinach (0). None of those could replace the Gayoni factor. The 
latter may thus be regarded as also different from Peterson’s Norit 
eluate factor (23), the L. casei liver factor (24), and the chick factor R 
reported by Hill and coworkem (25) which may be similar to vitamin 
Bi, (25). 

Other factors Avhich differ from tlie Gayoni factor in one or more 
respects are: (1) Hill’s factor S (25), Avhich is not readily adsorbed on 
common adsorbents and which may be identical (25) with the kidney 
residue factor of Mills ei oZ. (26); (2) two similar growth factors re- 
ported by Woolley (10, 11), termed “strepogenin” and GPF-3, which 
are not precipitated by lead and are not adsorbed by Norit; (3) the 
S. lactis factor of Smith (27), which is not precipitated by lead or 
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mercury and is not adsorbed on Darco or fuller’s earth; (4) the tomato 
juice factor of Kuiken el al. (28), which withstands 24-hour refluxing 
with 8 N H 2 SO 4 ; ( 6 ) the diphtheria bacillus factor of Chattaway (29, 
30), which fails to adsorb on fuller’s earth, is not precipitated by lead, 
mercury or phosphotungstic acid, and is not destroyed by excess 
bromine; ( 6 ) an L. casei growth factor reported by Chattaway (31), 
Avhich fails to adsorb on fuller’s earth at pH 3; (7) the growth factor 
reported by Ballentine (32) for a gas gangrene clontridium, which is 
not adsorbed on Norit at pH 3, is not precipitated by silver or phos- 
photungstic acid, and fails to be oxidized with KMn 04 at pll 7.6; 
( 8 ) Barton-Wright and coworkers (33) report isolation of four growth 
factors from liver Avhich are necessary for L. Iielveticus and S. ladis R. 
Of these, only HL 4 (as distinguished from HL 1 , 2 and 3) was affected 
by nitrous acid treatment. HL 4 is, however, a portion of the fraction 
soluble in chloroform. 

The possibility that the Gayoni factor may be a multiple entity 
must, of course, be considered. However, our experience supports the 
belief that it is a single substance. The agreement among assay values 
obtained at different levels is usually good regardless of the potency 
of the concentrates, and at no time has the activity of combined frac- 
tions appreciably exceeded the sum of the activities of the individual 
fractions. On the contrary, it is frequently observed that the sum of 
these activities is greater after fractionation, particularly after ad- 
sorption on Lloyd’s reagent. This has been attributed to the removal 
or inactivation of a growth inhibitor by the Lloyd’s reagent. Final proof 
of the identity of the Gayoni factor must await its further concentra- 
tion and isolation in pure form. Studies of this nature are in progress. 
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pyridoxal and pyridoxainine. Grateful acknowledgment is made to Dr. H. P. Sarett 
for hiiS counsel and assislanco. 

Summary 

A new growth factor is reported which is essential to growth of the 
bacterium Lactobacillus gayoni 8289, A microbiological assay method 
has been developed, and the factor has been distinguished from 66 
organic compounds and growth factor concentrates. Its properties ap- 
pear to differentiate it from other \midentified growth factors recently 
reported in the literature. Preliminary classification and characteriza- 
tion studies have l)eon made, and a 40-fold concentration of the factor 
has been effected. Further concentration studies are in progress. 
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Introduction 

Many investigators have reported unallied normal daily urinary 
excretions of some of tlio B-complex vitamins and their derivatives 
(1, 2, 3, 4, 5, (), 7, 8, 9). Some investigators have also reported on the 
fecal output of a f(‘W of these B-vitamins (1, 3, 7, 8, 10). Balance studies 
of young women on a milk diet showed that the total output of biotin 
was slightly greater than intake, 107%, while that of pantothenic 
acid almost equalled the intake and that of riboflavin amounted to 
only 65% of the intake (1). On an unrestricted diet normal subjects 
excreted in the feces and urine three to six times the amount of biotin 
ingested in the diet (3). 

Since there are, however, very few reports on the coexisting dietary 
intake and total excretion of the lesser knoTum B-complex vitamins by 
human subjects, such values for seven healthy young men eating a 
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normal diet are reported in this paper. This study was undertaken 
preliminary to an investigation of the effects of a decreased intake of the 
B-vitamins (24). During a twelve-week period the urinary and fecal 
excretions of p-aminobenzoic acid, biotin, folic acid, pantothenic acid, 
pyridoxine, thiamine, riboflavin and nicotinic acid have been compared 
\vith the dietary intake of these vitamins. No report of similar studies 
of this scope has been found in the literature. 

Experimental 

Subjects, The subjects were seven volunteers, 23 to 28 years old, judged to be free 
from significant organic disease or defects. These men were housed under idenlical 
conditions in a hotel, and later a student dormitory. All ate the same diet, which 
remained unchanged during the entire experimental period. Strict adherence to the 
regimen was assured by the high character and scientific interest of the subjects, 
who were carefully chosen on the basis of their past records under similar experi- 
mental conditions. (As added precaution, each week’s data were carefully scrutinized 
for signs of any possible deviation in intake of food, excretion of urine and feces, 
collection of samples and technical error in assay.) A constant body weight was main- 
tained by regulating physical activity. The principal activity was provided by stand- 
ardized daily tasks, a.^., bicycle riding, treadmill, outdoor walks, etc. The remaining 
free time was spent by participating in various sports and a schedule of maintenance 
and assistance work. 

Diet, All meals were prepared and served under the direct supervision of a traineil 
dietitian. The menu was followed strictly and all portions were carefully weighed. 
Extra identical meals were prepared one day each week, carefully ground, homogen- 
ized, frozen and used for assay. The meat used was bought daily, as was the milk. 
The fresh vegetables were purchased three times each week at local wholesale dealers. 
The canned foods were purchased in one lot of the same pack in a quantity sufficient 
for the entire experiment. It was computed that a total of 3000 to 3300 calories 
daily was provided, 70 g. of protein, 860 mg. of calcium, 1.25 g. of phosphorus, 15 
mg. of iron, 7400 I.U. of Vitamin A and 100 mg. of ascorbic acid. The determined 
(by analysis) average daily intakes of the B-complex vitamins under consideration 
in this report are listed in Table II. 

Urinary and Fecal Collection, Urine was collected each week over a period of four 
consecutive days. The containers, amber-colored one-gallon jugs, were kept in a 
refrigerator at all times. At the end of each day the total volume and a one-tenth 
aliquot were measured. The aliquot of each daily sample was transferred to a sample 
bottie which was kept in the deep-freeze unit. 

Feces were also collected over the same four-day period each week. All feces from 
the entire period were collected in one container, a tared one-quart jar, which was 
kept in a deep-freeze unit at all times. Shortly after the end of the four-day period 
the feces were thawed and homogenized. Daily average excretion was computed and 
aliquots taken for assay. In two cases fecal collection was continued beyond the four- 
day period until a minimum of three stools had been collected. 
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Methods, For tliodotcrnuiiation of thiainiiio tli(‘ nudhocl of Iloimchhy and Coroccdo 
(11), as modifiod by Friedomann and Kmieciak (12), was used. For riboflavin the 
method of FerrotKJO (13) was used with slight modification. Folic acid was determined 
microbiologically using the method of Toply and Elvehjem (14). Feces and food 
samples w(*re prepared for folic acid, pantothenic acid and biotin assays by the pro- 
cedures outlined by the University of Texas workers (16). The biotin value for food 
obtained by the enzyme method was checked occasionally by autoclaving a duplicate 
sample with HCl for H hour, neutralizing and assaying. Pantothenic acid was de- 
termined microbiologically by the method of Hoag et oZ. (16). In this method crystal- 
line vitamin solutions were substituted for the yeast and Vitab mixtures. Biotin 
was determined microbiologically originally by the method of Bhull and Peterson 
(17). I^atcr the method of Toply and Elvehjem for folic acid was used for biotin 
assays. p-Aminob('nzoio acid was determined with Neurospora crasaa by using a 
method based on that of Thompson ct cd. (18) and that of Stokes et al, (19). Pyri- 
doxine was dottjrmined by a method based on that of Stokes and co-workers (19). 
Nicotinic acid was determined microbiolo^cally by the method of Krehl and co- 
workers (20). N ^mcthylnicotinamide was determined by a modification of Najjar's 
method (21). 

Results 

Daily urinary and fecal excretions of the B-vitamins are shown in 
Table I. These values represent the average of six to eight weekly 
determinations (samples collected for four consecutive days each week) 
made during a twelve-week period. More variation is noted in the fecal 
output than in the urinary excretion. Individual output varied more 
from w^eek to week than did the average between individuals in any 
one week. 

About twice as much thiamine and nicotinic acid was found in the 
feces as in the urine. About one and one-half times as much riboflavin 
and p-aminobenzoic acid was found in the feces as in the urine. 
Urinary biotin output was loss than one-fourth as great as the fecal 
output. About seventy-five times as much folic acid was excreted in 
the feces as in the urine. However, the major part of the pantothenic 
acid and pyridoxine excreted appeared in the urine, only about 40% 
of the total excretion of these vitamins appearing in the feces. 

The combined urinary and fecal output of thiamine, nicotinic acid 
and pyridoxine was considerably less than the dietary intake. The 
urinary plus fecal output of riboflavin was only slightly below the 
dietary intake. The ratio of uiinary plus fecal output to dietary intake 
of biotin was about 3.8 to 1, pantothenic acid about 1.1 to 1, p-amino- 
benzoic acid about 2.3 to 1 and folic acid about 5.6 to 1, as shown in 
Tabic II. 



TABLE I 

Average’* Daily Urinary and Fecal Excretions 
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Coynparison of Daily Vitamin Intake* and Urinary Plus Fecal Excretion' 
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* Each figure represents a landom one-day sample. 
** Each figure iepieseiit« a four-day sample. 
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Discussion 

The results of this study eoufirm the findings of other workers that 
the output of biotin in urine plus feces is greater than the dietary in- 
take. In addition, evidence is presented suggesting that in normal 
young men subsisting on a normal diet, intestinal bacteria synthesize 
large quantities of pantothenic acid, p-aminobenzoic acid, biotin and 
folic acid. Possibly nicotinic acid is also synthesized in appreciable 
quantities by intebtinal bacteria. N^-methylnicotinamide, which was 
not included in our values for total excretion, appears in urine to the 
extent of thrice the quantity of niacin. Other workers (6) report over 
94^0 of the total nicotinic acid and metabolites excreted in the urine 
is in the form of A/'^-methylnicotinamidc. If the latter substance ap- 
pears in feces in quantities 2 or 3 times as great as the niacin value, 
total urinary and fecal excretion would equal or slightly exceed the 
intake. 

In addition to pantothenic acid, p-aminobenzoic acid, biotin and 
folic acid, the bacteria of the intestine probably synthesize much 
greater quantities of pyridoxine than our data indicate. The organism 
we used, Neurospora sitophila 299, measured pyridoxine, pyridoxamine 
and pyridoxal (22). Another metabolite of pyridoxine, 4-pyridoxic acid, 
has been reported to be excreted in much greater quantities in the 
urine than the aforementioned three substances (9). It is quite pos- 
sible feces may contain additional quantities of 4-pyridoxic acid. Thus, 
the figures we present do not represent the entire excretion of nicotinic 
acid and pyridoxine and their metabolites. The true values are prob- 
ably much greater than those reported here. This is perhaps true of 
the other vitamins where the metabolic products are not yet known or 
determinable. 

Dermal excretion of thiamine, riboflavin, biotin, pantothenic acid, 
p-aminobenzoic acid, pyridoxine and nicotinic acid is reported to be 
practically negligible as compared with the urinary excretion (6, 23). 
However, some folic acid is reported to be excreted in the sweat (6), 
but since the fecal excretion is large, this amount would be relatively 
negligible under the conditions of this experiment. 

From these data it is apparent that on a normal diet a normal in- 
dividual excretes in the urine and feces far more p-aminobenzoic acid, 
biotin, folic acid and pantothenic acid, and possibly more pyridoxine 
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and niacin, plus their metabolites, than is ingested in the diet. Possibly 
the synthesis of these vitamins in the intestine by bacteria accounts 
for these results. The question of whether the large quantity of B- 
vitamins eliminated in the feces is excreted because it is not needed or 
because it is not available to the body is of much interest. In these 
studies it was found that between 60-100''o of each of the B-vitamins 
in feces was extractable with water. 

There was no parallel in any of the individuals concerned between 
dietary intake and urinary plus fecal excretion. There appeared to be 
a famUial resemblance between the urinary and fecal excretion of 
thiamine in subjects 4 and C, who are brothers. In these instances, 
the total excretion (urinary plus fecal) as expressed in terms of per- 
centage of the intake, was similarly low for each subject. Similar 
findings were obtained in these individuals for riboflavin. (See 
Table II.) 

The authors wish to express their appredation to Dr. Joseph J. Pfiffner of Parke, 
Davis and Company, Detroit, Michigan, for furnishing crystalline folic add, and to 
Miss Genevieve Gales, dietitian of Passavant Memorial Hosintal, Chicago, for 
supervising the preparation of the diet. It is a pleasure to acknowledge the cooperation 
of the following volimteers (members of the Civilian Public Service) on detached 
service for the project from the Army Epidemiological Board: Delbert D. Blicken- 
staff, Harvey E. Dibrell, Edward L. CriU, Lee Smith, Jr., Roy W. Miller, John H. 
Smith and Gareth W. Heisler. 


SUMMABT 

1. Daily urinary and fecal excretion of p-aminobenzoic acid, biotin, 
folic acid, pantothenic acid, pjnidoxine, thiamine, riboflavin and 
nicotinic acid of seven normal young men were determined. 

2. Daily dietary intake of these vitamins was determined and com- 
pared with the total urinary and fecal output. Daily fecal excretion 
was larger than urinary excretion in all cases except pantothenic acid 
and pyridoxine. 

3. The total daily urinary and fecal output of p-aminobenzoic acid, 
biotin, folic acid and pantothenic acid exceeded dietary intake. Dietary 
intake of thiamine, riboflavin, pyridoxine and nicotinic acid exceeded 
the combined urinary and fecal output. However, the methods em- 
ployed do not measure all the metabolites of pyridoxine and nicotinic 
acid. 
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Introduction 

The results of screening some thousand or more bacterial isolates for 
amylase iiroduction has been reported by Peltier and Bcckord (1). 
They found 265 isolates capable of hydrolyzing starch in a starch-agar 
medium. Of these, 71 produced sufScient amylase when grown in a 
wheat bran-pcptonc-phosphate liquid medium to be evaluated by the 
methods they employed. Preliminary characterization of these isolates 
indicated that they all appear to fall into the Bacillus siibtilis group. 

One isolate from this group has been described in previous com- 
munications (2, 3, 4). The amylase produced by isolate 23 was found 
to differ from tlic amylase of commerce in having a much higher starch 
saccharifying action per unit of dextrinizing activity. Further, it was 
strongly inhibited by an amylase inhibitor present in wheat, whereas 
the commercial bacterial amylase was not affected. The relationship 
between the starch-dextrinizing and starch-saccharifying activities of 
amylase systems appeam to be a valuable moans of differentiation, 
particularly when the saccharification procedure is sufficiently pro- 
longed to permit adequate expression of the enzyme properties (5). 

Amyk.s(' production by baotorial cultures other tliau those from the B. siibtilis 
group has been dinscribcd. Tilden and Hudson (6) adeqiiately discussed the literature 
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relative to the production of amylase by Bacillus macerans and Bacillus polymyxa 
and presented their own findings on the preparation and properties of these amylases. 
Relative production of amylase by several species of the genus Bacillus and by two 
of the genus Sardna was investigated by Janke and Schaefer (7). The amylase pro- 
duced by Clostridium acetohulylicum has been described in some detail (S). Some of 
the properties of amylases from organisms classified as Phytomonas and Actmomyces 
are given by Bois and Savary (9). 

The results reported in the literature are somewhat difficult to inter- 
pret with respect to relative quantities of amylase produced by various 
organisms under comparable cultural conditions and with respect to 
the relative starch degrading properties of the various enzyme systems. 
It is the purpose of the present communication, and of those in course 
of preparation, to supply additional information dealing with some of 
the bacterial amylase systems. Through such studies it is hoped that 
the properties of the amylases can be more clearly visualized and 
possible industrial applications investigated. 

From the 71 amylase-producing isolates of the B. subtilis group (1) 
43 were selected for additional investigation. For comparison, 7 
cultures of B. polymyxa and 3 of B. macerans were obtained.^ These 53 
organisms were cultured comparably in a liquid medium found in 
former studies to be ^‘adequate^’ for bacterial growth and amylase 
production. The quantity of amylase produced was evaluated and 
some of the properties of the amylase systems compared. The present 
report deals with a few of the general characteristics of the amylases; 
a more detailed comparison of the amylases from tj’pical organisms is 
being prepared for publication. 

Experimental 

Methods 

Media and Culture Conditions, The liquid medium for growth of the B. suhtilis 
isolates was prepared in the following manner: a water extract of wheat bran was 
obtained by autoclaving a bran-water mixture (5 parts of wheat bran to 100 parts of 
distilled water) at 15 lbs. pressure for 20 minutes, followed by straining through 
cheesecloth. In each liter of the strained liquid 10 g, Bacto-peptone (Difeo), 0.7 g. 


^ Grateful acknowledgment is hereby made to Mr. N. R. Smith of the Bureau of 
Plant Industry, Soils and Agricultural Engineering, U. S. Department of Agriculture, 
who kindly supplied most of the B, polymyxa and B, macerans cultures, and to the 
Northern Regional Research Laboratory of the U. S. Department of Agriculture for 
two of the cultures. 
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K2HPO4 *31120 and 0.3 g. KH2PO4 were dissolved. Aliquots (200 ml.) were dispensed 
into appropriate glass culture vessels and autoclaved again for 20 min. at 15 lbs. 
pressure. The depth of liquid in the culture vessels was approximately 3 cm. To 200 
ml. volume of culture liquid were added the washings (in 5 ml. of water) from a 
*‘bran-agar” slant of the bacteria previously incubated at 35®C. for 24 hours. The 
medium for the growth of the inocula was prepared by adding 1.5% agar to a liquid 
identical with the above liquid medium (bran extract-peptone-phosphate). 

The liquid medium for growth of the B. polymym and B. mcLc&rans cultures was 
identical to that described above with the exception that 20 g. of CaCO^ were added 
per liter of liquid to neutralize the acids produced by these organisms. 

Growth of all the organisms was for 4 days at 35®C. (Numerous experiments demon- 
strated that approximately maximum amylase activity was attained in this period.) 
The liquid cultures were then centrifuged and the centrifugates stored under refrigera- 
tion until the following day when dextrinizing activity determinations were made. 
Starch saccliarification data were obtained during tlie next few days. 

Evalmiion of Btarch-Dexiriaizing Activity. A property common to the bacterial 
amylases appears to bo their ability to hydrolyze gelatinized starch to low-molecular 
dextrins which give essentially no color with iodine. Routine activity evaluations 
were most conveniently made by use of a starch dextrinization procedure, a modifica- 
tion of the well-known Wohlgemuth (10) method. The substrate was a 20 ml aliquot 
of 1% boiled soluble starch buffered with phosphates (3.0 g. KH2PO4 and 0.6 g. 
K2HP04*3H30 per liter) to a pH value of 6.0. The time, in minutes, required by an 
appropriate aliquot of the liquid culture to convert the substrate at 30®C. to a point 
where the **red-brown'^ color is given with iodine (11) was determined for all of the 
cultures except those of B. tnacerans. At no stage of the dextrinization did the prod- 
ucts from the action of B. macerans amylase give the typical color with iodine. 
Accordingly, it was necessary to evaluate the amylase activities of these organisms 
by selecting another “end point”; for convenience, the one selected was the point at 
which 1 ml. of the reaction mixture just failed to impart a color to the standard iodine 
test solution (11). For malt a^mylase it requires almost 2.5 times as long to carry 
the hydrolysis to this point as it does to the stage giving the red-brown color. 

The aliquots of the cultures used for activity determinations varied from 0.5 ml. to 
10 ml, depending on the previously established ability to produce amylase. Since the 
total reaction volume was a constant 30 ml., it was necessary to adjust the volume 
when less than a 10 ml enzyme aliquot was employed; this was done with distilled 
water. The dextrinization time being inversely proportional to the quantity of 
amylase added, it was possible, as well as convenient, to record the activities of all 
the organisms as the time in minutes required for a 10 tnl. aliquot of the unconcentrated 
liquid to dextrinize the starch. 

Response of the Amylases to the Inhibitor of Wheat. It has been demon- 
strated (4) that wheat contains a protein-like substance which exercises 
a selective inhibiting action on the amylases. Some of the bacterial 
amylases were inhibited whereas others were not. 

Dextrinizing activities were determined for the 53 cultures both 
with and without the inhibitor. The procedure for evaluating response 
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to the inhibitor was to add a solution of the inhibitor to the enzyme 
incubate at 30®C. fOr exactly 5 minutes, and then add the 20 ml. 
aliquot of starch suspension at 30®C. Dextrinization time was deter- 
mined as customary. An alcohol-precipitated preparation of the inhib- 
itor (4) was used. For the sensitive amylases only 1 mg. of the material 
was required to give inhibition. Those preparations which showed no 
loss in activity in the presence of 1 mg. of inhibitor were further tested 
with 3 mg. portions. 

For a constant amount of inhibitor a greater decrease in amylase 
activity results at lower levels of activity. Accordingly, it would be 
meaningless to record the response in terms of per cent loss of activity 
with amylases of varying activity. For all cultures the amylase re- 
sponse to the inhibitor is given as positive or negative. In addition a 
number of the inhibitor-sensitive amylases were adjusted to equal 
dextrinization times and then tested for inhibition. These data were 
then calculated as per cent loss of activity; i.e., the difiference between 
the uninhibited and inhibited dextrinizing activities in reciprocal 
minutes related to the uninhibited activity (1/min.) in terms of per 
cent. 

Evaluation of Starch Saccharifying Activity, It is well known that the 
hydrolytic products from amylase action on starch may be variable. 
In addition to sugars, both maltose and glucose, a variety of dextrins 
result. Such dextrins all have reducing actions on the customary 
reagents used to evaluate the sugar content of a reaction mixture. 
Thus the reducing value, calculated as glucose or maltose, may not 
have a close relationship to the actual content of feraxentable sugars. 
Routine testing of the starch-saccharifying activities of the bacterial 
amylases was based on measurement of the production of sugars 
actually fermentable by yeast under conditions relatively optimum 
for fermentation. In previously reported studies (2, 3) the yeast was 
'^activated'' or adequately nourished by the use of dried yeast activator. 
For further work it was considered desirable to refine the procedure. 
The combined starch hydrolysis-yeast fermentation procedure finally 
devised is the result of considerable experimental work and embodies 
modifications designed to insure adequate fermentation of the sugars 
produced by amylase action on starch with a minimum of dependence 
on either the type of sugar produced or the variability in yeast nutri- 
ents found in the enzyme aliquots employed. 
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As in previous investigations (2, 3), the '"pressure-meter” (12) was employed to 
determine CO2 production by the yeast fermentation. To each pressure-meter cup was 
added 15 ml. of a solution containing 0.6 g. boiled soluble starch, 0.05 g. asparagin, 
0.25 g. (NH4)2SOi, 0.016 g. NaCl, 0.04 g. MgS04*7H20, 0.04 g. KH2PO4, 0.011 g. 
J<2HP04‘3H20 and 0.03 g. dextrose. The amylase aliquot desired plus sufficient dis- 
tilled water, if necessary, to give an addition at this point of 10 ml. was added to the 
above. The contents of tlie cup were incubated at 30®C- for 60 min. and then 5 ml of 
a suspension containing 0.5 g. baker^s compressed yeast, 0.00008 g. thiamine and 
0.00008 g. pyridoxino were added. The pressure-meter top was affixed and incubation 
continued at 30°C. Pressure was eqxialized at the end of 6 min. to eliminate the vari- 
able pressure produced by introducing the closed system into the water bath. 

The fermentation mixture diffens from that previously employed (2) by the use of a 
30 ml. reaction volume and by the substitution of yeast nutrients and dextrose for 
the “dried yeast activator.” The larger volume permits greater latitude in operation 
without interfering with the course of fermentation. The yeast nutrients are essen- 
tially those of the “complete” nutrient of Atkin, Schultz and Frey (13). The citrate 
xised by them for preliminary buffering was replaced with phosphates. In accordance 
with their finding that the effect of nicotinic acid was inappreciable, it too was 
omitted. Equally as gt)od fermentation was possible by substituting 0.2 g. of asparagin 
for the combination of asparagin and (NH4)2S04 employed. However, when deter- 
mining the activities of many hundreds of samples the combination was preferable 
in order to economize on the relatively expensive asparagin. 

At least some of the amylase preparations produce maltose as the 
principal fermentable product of starch hydrolysis. This sugar is only 
slowly feimented by baker^s yeast in the absence of either dextrose or 
an enzyme, maltase, which can convert the maltose to glucose. Schultz 
and Atkin (14) showed that part of the effect of dried yeast on maltose 
fei-mentation is the result of maltase action and demonstrated the ac- 
celerating action of small increments of dextrose. Accordingly, when 
devising the conditions for rapid fermentation of starch hydrolysis 
products, it was necessary to investigate the influence of small incre- 
ments of dextrose on maltose fermentation. It was found that, when 
added to a mixture of 500 mg. of maltose and the yeast nutrients known 
to be essential, the first few mg. of dextrose had a very marked accelerat- 
ing action on fermentation. This acceleration diminished with increas- 
ing increments of dextrose. The addition of dextrose used as routine 
procedure, 30 mg. per 600 mg. of starch, proved to be above the levels 
causing marked acceleration, and fermentation in its presence gave 
results closely comparable to those previously obtained when the 
dried yeast activator of Blish and Sandstedt (15) was employed. 

In presenting the results of the combined starch-hydrolysis yeast- 
fermentation studies it is most infoimative to give the complete 
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fermentation curves (2). However, with routine studies the record of 
the gas pressure, in mm. of Hg, produced during the first several hours, 
and then again following some 20 hours fermentation, serves to illus- 
trate the broad differences obtained. The blank values attributable to 
the COa produced by fermentation of the sugars present in the enzyme 
addition and the dextrose in the nutrient are subtracted in each case. 
To facilitate comparison of the starch-degrading properties of the 
various amylases the customary procedure, when practicable, was to 
adjust the aliquots used for saccharification to give equal dextrinization 
times. Then differences in fermentation values reflected inherent 
differences in the enzyme systems. 

Results 

Amylase Activity, The amylase activities developed by the growth 
of the 43 isolates belonging to the B. siAtilis group are listed in Table I. 
The numbers listed for the various isolates are those assigned by the 
Department of Bacteriology of the University of Nebraska as the iso- 
lations were made. The prefix “S” indicates isolates obtained by Floyd 

TABLE I 


Stardt Dexlrinmng Activity and Response to an Inhibitor of Amylases Produced by 
Isolates of the Bacillus subtilis Group 


Isolate 

Source 

Dextrinus- 
alion time 
in min. 
(10 ml.) 

Response 

to 

inhibitor 


Source 

Dexirinis- 
ation time 
in min. 
(10 ml.) 

Response 

to 

inhibitor 

S-1 

Air 

23.0 

4- 

W-43 

Peanut meal 

53 

4 

S-4 

Air 

24.0 

4 

W-92 

Peanut meal 

7.5 

4 

S-17 

Air 

62 

4 

W-101 

Peanut meal 


4 

S-18 

Air 

15.0 

4 

W-76 

Stazch 

64 

4 

S-19 

Air 

44 

4 

W-90 

Starch 

6.0 

4 

S-20 

Air 

18.0 

4 

W-07 

Starch 

19.0 

4 

S.24 

Air 

8.5 

4 

W-98 

Starch 

12.5 

4 

S-30 

Air 

20.0 

4 

W-85 

Pototo flour 

18.5 

4 

S-33 

Air 

13.5 

4 

W-89 

Rice flour 

7.5 

4 

S<34 

Air 

34 

4 

W-20 

Soil 

26.0 

4 

S.36 

Air 

27.0 1 

4 

P-80 

Fish meal 

35 

4 

S-47 

Air 

17.5 

4 

P-82 

Manure 

8.0 

4 

S-SO 

Air 

37 i 

4 





8-52 

Air 

12.5 

4 

W-106 

Ropy bread A 

0.05 

_ 

P-65 

Soybean meal 

4.3 

4 

W-107 

Ropy bread A 

0.28 


P-87 

Soybean meal 

8.5 

4 

RB-2 


0.65 


W-40 

Soybean meal 

39 

4 

RB-8 


0.65 

_ 

W-23 

Com meal mash 

17.5 

4 

RB-10 

Ropy bread C 

1.06 

— 





RB-14 

Ropy bread C 


— 

W-65 

Stillage (oontaminants) 

20.5 

4 

RB-16 

Ropy bread D 



W-68 

Stillage (contaminants) 

31 

4 

RB-17 


29.0 


w-e9 

Stillage (contaminants) 


4 





W-72 

Stillage (contaminants) 

17.5 

4 





W-303 

Stillage (contaminants) 

26.0 

4 
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Schroeder, “W” by Lillian Wind, “P” by Mildred Penner, and “R B”, 
ropy bread LsolateK, by Dr. Geo. L. Peltier. The sources of the isolates 
are also given, primarily for the purpose of illustrating the shai’p 
differentiation between those obtained from ropy bread and those from 
other materials. 

The data of Table I indicate that a separation of the B. subtilis 
isolates into 2 groups can be made on the basis of response to the amyl- 
ase inhibitor from wheat. The amylases produced by the ropy bread 
isolates are not inhibited, whereas those from all other materials are. 
Further, it is notable that, with one exception, the ropy bread isolates 
had a much greater capacity for amylase production than the others. 
The best ropy bread isolate, W-107, produced 15 times more amylase 
than the best of the “inhibited type,” P-65. The range in activity 
found within the inhibited type is very great — ^from isolates such as 
P-65, W-96, W-92, W-89, P-82, P-67, and S-24 represented by dextrini- 
zation times of less than 10 min., to those of the B. svbtiliis group not re- 
ported in the study which produced essentially no amylase when cultured 
under the same conditions. In contrast, no isolate from any of the 4 
different ropy bread samples ever failed to give appreciable amylase 
activity when cultured under favorable conditions; of the 24 isolates 
made from ropy bimd (8 of these arc reported in Table I) only one, 
RB-17, gave other than a high amylase activity. 

Cultures of B. polymyxa and B. macerans resulted in amylase pro- 
duction similar in quantity to that produced by the “inhibited type” 
of B. mibtUis. The numbers and sources of the cultures together with 
the amylase activities found and the responses to wheat inhibitor are 
listed in Table II. One culture, N. R. Smith 354, can be considered as a 
relatively efficient amylase iJro<lucer since the activity found in liquid 
culture was comparable to the highest levels produced by the inhib- 
ited type of B. mbtUiH. Tilden and Hudson (6) likewise found this 
culture of B. polymyra to be superior in its amylase-producing power. 
The growth period in the present experiment was only 4 days a« 
compared to the 3 weeks used by Tilden and Hudson (6). 

It has boon noted above that the dextrins produced by B. macerans 
hydrolysis of starch at no stage give the standard red-brown color with 
i(^ine. Instead of the color changing from blue, through violet, red- 
violet, clear red-brown, lighter brown, and then to colorless, a brown 
violet c hanging to cloudy brown coincides with the stage of hydrolysis 
associated with attainment of the customary “end-point.” These 
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colors have been described as typical of the formation of Schardinger 
dextrina (6). When the reaction was allowed to proceed at 30®C. the 
depth of brown coloration given with the standard iodine reagent 
gradually became less until essentially no color was imparted. The 
dextrinization times given in Table II arc those required for 10 ml. 

TABLE II 


Starch Dextnnizing Activity and Hesponse to an Inhibitor of Amylases Produced by 
CnUures of B. polymyxa and B. macerane 


Cultures 

Type 

Soul CO 

DexiiiiiLzatioii 
time-nun 
(10 ml ) 

Response 

to 

inhibitor 



354 

B, polymyxa 

N. R. Smith 

5.5 


251 

i?. polymyxa 

N. R. Smith 

13 5 

— 

813 

B. polymyxa 

N. R. Smith 

16.0 

— 

280 

B. polymyxa 

N. R. Smith 

22.0 

- 

279 

B, polymyxa 

N. R. Smith 

22.0 


391 

B. polymyxa 

N. R. Smith 

59 

— 

510 

B, polymyxa 

N. R. R. L.t 

45 


B-394 

B, macerans 

N. R. R. L.t 

50* 


277 

B, macerans 

N. R. Smith 

36* 

— 

278 

B, macerans 

N. R. Sixiith 

69' 

— 


t Northern llegional Research Ijaboratory. 
Time to colorless with iodine. 


aliciuots of the liquid cultures to cause this change. Obviously tlio 
results arc not directl}'- comparable with those found for tlio other 
amylases. If it is assumed that the time taken to reach a stage of hydro- 
lysis somewhat comparable to that measured for the others is from 
one-half to one-third that indicated, it becomes apparent that amylase 
production by the B. niacei^atis cultures is similar in quantity to those 
found for many of the B. polymyxa cultures and B. suhtilis isolates. 
The N. R. Smith culture 277 proved to be a superior strain in accord- 
ance with the findings of Tilden and Hudson (6). Also in accordance 
with their results, the original Schardinger culture, in this case NRRL 
B-394, was of low potency. 

The amylases of the jB. polymyxa and B, macerans cultures were not 
inhibited by the wheat inhibitor. In this respect they were similar to 
amylases from the ropy broad isolates of B, subtilis. 
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Relative Ref^ponne lo Inhibitor, l'’hc culture liquids on which 12 
roprescnlative isolates of the ‘‘inhibited type’' of B, subtilis grew for 4 
days were selected. Aliquots of those were taken in such a manner that 
each gave a dextrinization time of 20 min. on 1% starch. Each ahquot 
was incubated with 1 mg. of precipitated inhibitor for 5 min. and then 
20 ml. of si»arch at H0°C. added. The dextrinization times found for the 
inhibited reactions and the per cent reductions of amylase activity 
caused by the presence of the inhiJritor are given in Table III. 

TABLE III 


Hilahvc Uenponsc of a Group of Inhibitor-Seuiiftivr Bacterial 
Amylcuics to the IrtJnbiior from Wheat 


IsoKilo 

Dcxti mizalioii limes 

[loduction of 
ararlaso 
aotivitv 


no inhibitor 

inhibitor added 


wm. 

min. 

per rent 

W-Sf) 

20 

100 ’ 

80 

W.89 

20 

128 

84 

W-92 

20 

110 

83 

W-96 

20 

119 

83 

W-98 

20 

118 

83 

W-2S 

20 

79 

75 

P-S2 

20 

90 

78 

P-«7 

20 

119 

83 

p-sn 

20 

JOO 

80 


20 

110 

S3 

S-21 

20 

130 

85 

S-18 

20 

94 

79 


It is api)arent from Table III that the amylases from all 12 isolates 
reacted in a similar fashion t,o the inhibiting substance. Certain differ- 
ences in response were evident; e,g,, the amylase of isolate W-23 was 
reduced in activity by 75%, that of isolate S-24 by 85%. Though these 
differen(*es inigldi have been somewhat greater if a lower quantity of 
inhibitor had been used the results do indicate a rather high degree of 
uniformity in response and, therefore, a degree of uniformity among 
the bacterial isolates producing the inhibitor-sensitive amylases. 

Htarch Saccharification, In the conversion of starch to fermentable 
sugars, based either on the first stage of the reaction or on total con- 
version, the tiinylases of all 35 isolates of the inhibited type of B. 
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fiubUHs described in Table I reacted very similarly. That is, when they 
were adjusted to equal dextrinizing activities they had similar starch 
saccharification reactions. The same applied to the amylases from the 
group of isolates obtained from ropy bread; they differed widely in 
properties from the inhibitor-sensitive type but showed only minor 
variations amongst themselves. Accordingly, saccharification data are 
given for only several representative members of each of these two 
groups and the results compared with those obtained for the B. poly- 
myxa and B. macerans amylases. In addition, fermentation data are 
given for a sample of commercial type of bacterial amylase (Waller- 
stein), for a barley malt extract (Fleischmann malt) and for an extract 
of mold bran (Wallerstcin). These represent three of the commercially 
available amylase systems. The bacterial amylase is produced from a 
selected isolate of B. subtilis (or B. mesentericus) on liquid medium, 
the mold bran by the growth of a selected strain of A&pergillus oryzae 
on cooked wheat bran, and the malt by germination of barley under 
(ionditions favorable for the development of the a- and jS-amylasc 
activities. The results are shown in Table IV. 

For the comparative fermentation studies recorded in Table IV the 
culture aliquots employed were adjusted in an attempt to have all the 
amylases equal in one type of starch degrading activity, dextrinization. 
With some it was impossible to do this because of limitations in the 
total volume of liquid permitted by the method. For comparison with 
these samples of low activity an additional aliquot of W-20 amylase 
was used. Further, to demonstrate the effect of increasing the con- 
centrations of the “low-saccharifying’’ amylases, aliquots representing 
much greater quantities of two types were employed. With isolate 
W-107 this could be done by using a larger portion of the culture 
liquid. To obtain a more active preparation of the B. maceram type it 
was necessary to precipitate one of them, B-394, and rodissolve the 
precipitate in a smaller volume of water. 

A more detailed comparison of t>q)ical amylases from the groups of 
bacterial cultures will be presented in a later paper. However, the data 
of Table IV are sufiicient to indicate a classification into 4 general 
groups on the basis of the relationship of starch-saccharifying to starch- 
dextrinizing activities: (1) an amylase system that causes a rapid 
conversion of starch to fermentable sugar with fairly hi^ levels of 
conversion — B. polymyxa; (2) a system that is intermediate in the rate 
of sugar production relative to dextrinizing activity and yields high 
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TABLE IV 


Comet Sion of Starch to Fermentable Sugars by Bactetial Amylases 


l*4olato 

Dextnmz* 
ation time 

COs production aftei indicated intervals 

of aliquot 
ubed 

5 his 

5 hr> 

20 his 

24 his 


min. 

mm. IIo 

mm. Ho 

mm, ilg 

mm. Jig 

B. subtdis 

(inhibited type) 






S-24 

29 

59 

150 

375 

379 

P-Ofl 

29 

61 

149 

369 

370 

P-82 

29 

67 

157 

393 

395 

W-9G 

29 

48 

137 

377 

383 

W-20 

29 

51 

145 

397 

404 

\\-20 

50 

27 

100 

366 

375 

B, subtUis 

(non-inhibiled tyi>e) 






HB-2 

29 

2 

14 

54 

56 

UB-16 

29 

2 

12 

46 

47 

RB-17 

29 

1 

5 

62 

72 

W-107 

29 

1 

4 

45 

50 

W-107 

1.2 

67 

89 

120 

121 

B. polymyxa 






354 

29 

226 

306 

348 

349 

251 

30 

264 

327 

360 

375 

813 

31 

239 

316 

354 

362 

280 

30 

219 

314 

367 

369 

279 

30 

234 

320 

361 

363 

391 

(50 

202 

294 

360 

364 

510 

45 

114 

260 

339 

340 

B, maieran^ 






277 


0 

0 

24 

32 

278 

70’* 

0 

0 

94 

98 

^ Ii-394 

50* 

0 

3 

66 

61 

B-394 

30^ 

0 

15 

121 

125 

B-394 

5* 

135 

204 

316 

323 

“C'ommerciar^ amylases 






Mold brant 

29 

10 

49 

334 

349 

Bacterial amylases! 

29 

1 

5 

50 

55 

Barley malt 

29 

227 

303 

337 

342 


* Time to colorless with, iodine. t From, the WaUerstein Laboratories. 





52 


BTtlC KNEEN AND L. D. BEOKORD 


levels of overall conversion — B. subhlis of the ‘‘inhibited type^^' (3) 
one that has a very low production of feimentable sugars relative to 
dcxtrinizing activity and, even when added at a high enzyme level, does 
not give extensive conversion — B, subtilis of the “non-inhibited*' or 
“ropy bread type’’; and (4) a system that produces essentially no 
fermentable sugars during the early stages of reaction when normal 
enzyme levels are used, butMoes convert starch to sugar if sufficient 
time is peimitted and with considerable efficiency if high enzyme levels 
are employed — B. macerans. 

It is obvious from Table IV that this method of characterization of 
the amylases reveals certain similarities and dissimilarities between 
the experimental bacterial types and those available commercially. 
The inhibitor-sensitive amylase produced by 5. subtilis has somewhat 
similar starch-degrading properties to the enzyme system produced by 
Aspergillus oryzae. They differ markedly, however, in response to the 
wheat inhibitor — the fungal amylase is not inhibited. The J5. subtilis 
isolates from ropy bread appear to be similar in some respects to the 
industrial strains used for production of the bacterial amylase of 
commence. The amylase from either one has a low ratio of starch sac- 
charifying to dextrinizing properties. Neither one is sensitive to the 
inhibiting substance in wheat. In addition, most of the ropy bread 
isolates appear to be potent amylase producers. 

The amylase system produced by B. polymyxa has a remarkable 
similarity in starch degrading action to that of barley malt. At a given 
level of starch dextrinizing activity both have the facility, not only 
for achieving fairly high levels of starch saccharification, but for 
causing a rapid conversion of starch to fermentable sugars in the early 
stages of the reaction. 

It must be kept in mind that the method of amylase evaluation 
employed, combined saccharification and fermentation at comparable 
dextrinizing activities, is only one procedure for differential evalu- 
ation. Additional data (to be published) will expand these relation- 
ships. Accordingly, the data of Table IV cannot be used for making 
fine distinctions between, for example, the starch saccharification 
efficiencies of the amylase systems of mold bran, barley malt, B, poly- 
myxa, and the inhibited or saccharifying type of B. subtilis. Rather, 
their prime value is in the classification of the various enzyme systems 
into broad groups. Fine distinctions can be based only on a more 
complete picture of the properties. 
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Discussion 

Application of amylase evaluating procedures permitting full ex- 
pression of the properties of the enz3rme system being considered may 
lead to modifications of the prevailing concepts. This is well illustrated 
by the results found for the amylase system of B. maceram. In addition 
to the recognized conversion of starch to Schardinger dextrine, it now 
appears that the same enzyme system, or other components of it, 
causes hydrolysis of these dextrins to fermentable sugar. This addi- 
tional hydrolytic action may be missed when relatively low concentra- 
tions of enzyme are operative over short periods of time, but becomes 
very pronounced either with extended reaction times or when greater 
concentrations of the enzyme are introduced. 

As inferred previously (2), the term “bacterial amylase” is a mis- 
nomer. The studies made so far indicate that, by appropriate selection 
and culturing of isolates from a bacterial species, a wide variety of 
amylase systems can be obtained. The system may have the starch- 
degrading properties characteristic of a tnie a-amylase, the properties 
may approach those of the mixture of amylases present in barley malt, 
they may lie between these extremes, or they may be unique. There is 
every reason to believe that amylases differing from those described 
could result from additional investigation, thus further expanding the 
types of starch-degrading enzyme systems available both for funda- 
mental studies and for industrial application. 
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Summary 

The quantities of amylase produced by 43 bacterial isolates of the 
B. subtUiis gi’ouj), 7 cultures of B. polymyxa, and 3 cultures of B. inao- 
et'ans have been determined. They were differentiated qualitatively on 
the basis of the relationship between two tsrpes of starch-degrading 
action — dextrinization and saccharification. A separation is indicated 
into four general groups with properties as follows: 

1. BadUus svbtUis (saccharifying type) — ^These are the common 
aerobic spore-forming rods usually isolated from plant material. 
Amylase production varies in quantity from essentially none to rela- 
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tively high levels. Little sugar production results during starch dex- 
trinization but post-dextrinization saccharification is pronounced and 
high levels of conversion of starch to fermentable sugars may result. 
The amylase is sensitive to a wheat inhibitor and is the only one of the 
bacterials investigated that is retarded in action by the presence of 
this substance. 

2. BacilVm suhtilis (non-saccharif 3 ring or a-amylase type) — These 
organisms may be isolated from samples of ropy bread. Very high 
quantities of a characteristic a-amylase usually result from culturing 
on an appropriate medium. In all the characteristics investigated the 
amylase appears to be closely related to the commercial type of 
bacterial amylase. 

3. Bacillus poly my xa — These organisms produce an amylase or an 
amylase system with starch-degrading properties similar to those of a 
barley malt extract. Production of fermentable sugar is high both in 
the dextrinization and post-dextrinization stages. Conversion levels 
comparable to those given by malt are attained. 

4. Bacillus macerans — A unique type of amylase system is produced 
by cultures of this organism. Following the initial conversion of starch 
to the non-reducing, non-fermentable products that have been called 
“Schardinger dextrins'' a progressive production of fermentable sugar 
takes place. With suflBicient time or with high enzyme levels the sac- 
charification proceeds to relatively high levels of starch conversion. 
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Introduction 

The amino acid content of casein has probably been investigated 
more often than that of any other protein. Casein is easily prepared 
and, although it is probably a mixed rather than a single protein, 
samples prepared by different investigators and by different proce- 
dures are remarkably similar in chemical and physical properties. 
Since casein constitutes such a large part of the total proteins of cow’s 
milk, a knowledge of its amino acid content provides a good basis for 
evaluating the amino acid content of milk itself, although such an 
evaluation obviously neglects the amino acid content of the other milk 
proteins which may have an abnormally high or low content of a 
particular amino acid. These facts have contributed to the chemist’s 
interest in casein. The amino acids of lactalbumin have also been 
investigated and values for the amino acid content of mixed milk 
proteins arc available. These data have been amply reviewed by Block 
and Bolling (1) and by Williamson (2). Complete amino acid data on 
i8-lactoglobulin have been published by Brand, Saidel, Goldwater, 
Kassel and Ryan (3). 

Because of the widc'spread use of both fresh and processed milk in 
human nutrition, particularly in the diet of infants, children and 
invalids, and because dried milk and milk by-products are useful 
protein supplements in animal nutrition, further work, which would 
either confirm or add to present knowledge of the amino acid content 
of Ttiilk proteins, would be of value to the nutritionist. 

The development of the microbiological methods of assay for the 
determination of amino acids has opened new opportunities for fur- 
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Ulcr iuvobtigation of the amino acid content of milk proteins since 
these methods differ in j)rinciple of measurement from the chemical 
methods and may be applied to hydrolyzates of food-stuffs without 
separation of the protein. Because of their comparative simplicity, the 
microbiological methods are already finding widespread use for the 
determination of the essential amino acid content of foodstuffs. 

The present investigation was undertaken for the purposes of 
obtaining: 

1. Microbiological data for comparison with the older chemical 
data on the amino acid content of milk proteins, 

2. Microbiological data which would be comparable to data on 
other foodstuffs obtained by similar methods, 

3. Data on both fresh and processed milk. 

Organisms 

LaciobanUus arahinosus 17-5 was used as the test organism for isoloucdne, valine 
and tryptophane; Levconostoc mesmteroides P-60 was used for histidine, lysine, tyro- 
sine, phenylalanine and methionine, and Streptococcus faecalis R was used for arginine, 
leucine and threonine. All assays were conducted titrimetiically. S. faecalis was the 
only organism found suitable for the threonine assay under the conditions tested. 
The same organism was used for leucine and arginine solely as a matter of conveni- 
ence, since suitable hydrolyzates, reagents, etc. had been prepared for the threonine 
assay. Hier, Graham, Freidcs and Klein (4) have reported the successful use of L. 
arahinosus for threonine analyses with a different medium than we used in our tests. 
Stokes and Gunness (5) have shown that L. arahinosus can synthesize threonine in 
the presence of pyridoxal or pyridoxamine. Under our conditions L, arahinosus re- 
quired threonine, satisfactory standard curves were obtained and the agreement 
betwc'cn assay levels was good. However, the results secured on hydrolyzates of 
casein and milk were almost exactly double the values found by chemical mctho<ls 
(1, 2') and those found later by the use of S. faecalis. Under our conditions Leuconostoc 
inescntcroides also required threonine, as has been shown by Dunn, Shankman, 
Camicn, Frankl and Rockland (6), but the htandard curves were irregular, the agixH‘- 
inent between different assay levels was poor and the estimated results on milk and 
casein were even higher than those secured with L. arahinosus. For those investiga- 
tions the hydrolyzates referred to below, prepared by refluxing with hydrochloric 
acid, and the media referred to below were used without major variation. 

In our work with L. arahinosus threonine assays no investigation was made of 
possible pyridoxamine or pyridoxal interference and whether our results might bo 
explained on the basis of such interference has not been excluded or confirmed. It is 
apparent, however, from our own investigations and those of Stokes and Gunness (5) 
that care must be exercised in choosing suitable conditious for the threonine assay 
with L. arahinosus. Recently, Greenhut, Schweigart and Elvehjem (7) have also 
suggested that S. faecalis is better suited for threonine assays than L. arahinosus. 
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Snell (8) has ro viewed the amino acid requirements of the various lactic acid bacteria 
and lists threonine as accessory for L. arabinosus and essential for Leuconostoc 
mesenteroides. 


Methods op Hydbolysis Used 

Th(i hydrolyzutob for the isoleucine, valine, histidine, lysine, phenylalanine and 
methionine estimations were prepared by gently refluxing a 1 g. sample of either 
casein or milk solids with 10 ml. of 20% hydrochloric acid for six hours. The hydro- 
chloric acid was removed by evaporation to dryness in the presence of carbon dioxide. 
The latter step required about 4 hours, thus the total time in contact with the strong 
acid was about 10 hours. 

The hydrolyzatos for arginine, leucine and threonine were prepared as outlined by 
Stokes, Gunn<\s«, Dwyer and Caswell (0). One g. of dried material was autoclaved 
with 10 ml. of 10% hydrochloric acid for 10 hours at 16 pounds pressure. 

A comparison was made of the reflux and autoclave methods using four different 
samples of casein. The two methods gave, respectively, the following average values 
in per cent of the protein; threonine 4.2 and 4.2, leucine 9.9 and 9.7 and arginine 3.6 
and 3.6. Determinations of other amino acids were not made, nor were the two meth- 
ods compared using milk, as both procedures for hydrolysis appeared to be satis- 
factory. 

Tryptophan and tyrosine were determined on a barium hydroxide hydrolysate. 
The method of hydrolysis mod by Greene and Black (10) was followed. Tryptophan 
results obtained by the assay were multiplied by two to correct for the racemization 
which occurs on hydrolysis. The use of alkaline hydrolysis for the preparation of 
samples lias been criticized by Wooley and Sebrell (11) who found that, under the 
conditions they employed, sodium hydroxide hydrolysis was unsatisfactory for the 
preparation of samples for the microbiological determination of tryptophan. Kratzer 
(12) found that in some instances sodium hydroxide was unsatisfactory for the 
preparation of samples for the analyses of tryptophan by Eckert's method (13). 
Hess and Sullivan (14) apparently have successfully used sodium hydroxide hydrol- 
ysis. It appears that the conditions for satisfactory alkaline hydrolysis are quite 
critical bul have been satisfactorily established by several investigators. It is interest- 
ing that the tryptophan content of casein as determined by Wooley and Sebrell (11) 
and Greene and Black (10) after enzyme hydrolysis; by Greene and Black (10), 
Kratzer (12) and the writers after barium hydroxide hydrolysis; and by Hess and 
Sullivan (14) after sodium hydroxide hydrolysis are in excellent agreement. Recovery 
exi)(‘rimonts indicated the tyrosine was also racemized by barium hydroxide hydrol- 
ysis and that a further 10% loss occurred. Values report^ in this paper for tyrosine 
are corrected for both the racemization and hydrolyas loss. The tyrosine values are 
the only ones to which a correction factor was applied. Prehminary investigations 
with 20% hydrochloric acid hydrolyzates suggest that these are unsatisfactory for 
t3U'OBine assays as the results are much too low. One trial suggested that, if phenyl- 
alanine results obtained with the barium hydroxide hydrolyzate were corrected for 
racemization and an eight % hydrolysis loss, they compare favorably with those 
secured by acid hydroljrsis. Average rajults for phenylalanine, with alkaline and acid 
hydrolyzates, expressed as per cent of the protein were as follows; for dry skim milk 
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4.5 and 4.5, for dry whole milk 4.6 and 4.6, for evaporated milk 4.1 and 4.2, for fresh 
milk 4.4 and 4.5 and for casein 4.8 and 5.2. Six samples of each type of milk and four 
samples of casein were hydrolyzed by each method. 

The methods of hydrolysis used were carefully selected and certain checks of their 
suitability for this investigation were made as noted above, but it has not been 
possible to prove in each case that the amino acid content of the hydrolysate was 
equivalent to that in the intact protein. The satisfactory recovery of added free 
amino acid exposed to the hydrolysis conditions does not exclude its destruction or 
racemization either during or prior to the actual hydrolysis. The problem of amino 
acid destruction during hydrolysis, particularly tyrosine, tryptophan, threonine and 
methionine has been discussed by Martin and Synge (15), Block and Bolling (1), 
Lugg (16) and Brand and Kassel (17). 

Mjsdia Used for Various Amino Acids 

For the valine and isoleucine assays with L. arabinoaus the medium proposed by 
Schweigert, Mclntire, Elvehjem and Strong (18) was used. The medium proposed by 
Wooley and Sebrell (11) was used for the tryptophan assays. The medium proposed 
by Dunn, Shankman, Camien, Frankl and Rockland (6) was used for assays with 
Leucmoatoc meaenteroidea and that proposed by Stokes, Gunness, Dwyer and Caswell 
(9) for assays with S, faecalia. Preliminary trials and recovery experiments indicated 
that the media and procedures were satisfactory for assays on both milk and casein 
hydrolysates. 


Standards 

Standards were chosen from the best sources available. Whenever possible, samples 
of known purity and nitrogen content were chosen and samples from two or more 
sources were obtained. The microbiolo^cal activity of samples from two or more 
sources of leucine, valine, threonine, tryptophan and phenylalanine, respectively, 
were compared and found to be equal. One sample of isoleudne was slightly more 
active th^ the other and was chosen for the standard. d2-Threonine and dl-lysine 
were checked against ^-threonine and lAymne and the dl- forms proved to be one-half 
as active as the I forms. The I forms of leucine, histidine, tyrosine and tryptophan 
and the (22- forms of isoleucine, valine, threonine, lysine, phenylalanine and methionine 
were used as standards. 


Sampdbs 

Four samples of casein were assayed. Two casein samples were commerical vitamin- 
free samples, one sample was a commercial sample marked *Wd washed’* and one 
sample was prepared from fresh skim milk according to Cohn’s method as given by 
Schmidt (19). Moisture, ash and nitrogen analyses indicated that the principal non- 
protein impurity in the samples was moisture. One sample apparently contained a 
small amount of another unidentified impurity. The six dry sldm milk samples were 
equally distributed from three different plants. Four of the dry whole milk samples 
were from the same processing plant, the other two were from different plants. The 
evaporated milk samples were obtained from six different areas in the United States. 
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Results and Discussion 

The average results of the amino acid assays and the range of the data from indi- 
vidual samples arc compiled in Table I. 

TABLE I 


Essential Amino Add Content of Milk 



Dry Skim Milk 

Dry Whole Milk 

Evaporated Milk 

PreshMilk 

Gaaem 

Aver- 

age 

Range 

Aver- 

age 


Aver- 

age 

Range 

Avet^ 

age 

Range 

Avei> 

age 

Range 

(ExpresMd aa per cent of the milk) 

Arginine* 

1.1 

1.0 -1.2 

0.9 

0.8 -1.0 

0.22 

0.21 -0.22 


0.10 

0.09 -0.12 

3.4 

3.1 -3.5 

lUfitidine 


0.79-1.06 

0.61 

0.57-0.64 

0.14 

0.13 -0.15 


0.07 

0.06 -0.08 

2.44 

2.30-2.6 

Isoleuoino 

2.2 

2.11-2.38 

L6 

1.5 -1.7 

0.43 

0.41 -0.46 


OM 

0.17 -0.23 

6.9 


Leucine 

3.9 

3.7 -4.1 

3.0 

2.6 -3.1 

0.73 

0.71 -0.77 


OM 

0.31 -0.36 

9.2 

8.7 -9J5 

I^ne 

3.1 

2.6 -3.6 

2.0 

1.9 -2.2 

0.53 

0.47 -0.68 


0.28 

0.24 -0.84 

7.7 

7.1 -8.3 

Methionine 

mm 


OM 


0.16 

0.18 -0.18 


0.06 

0.06 -0.08 

2A 

2.4 -2.6 

Phenylalanine 

1,6 

IJ -1.8 

1.2 

1.1 -1,3 

0.29 

0.27 -0.81 


0.14 

0.12 -0.15 

4.8 


Threonine 

1.V 

1.5 -1,8 

1.2 

1.2 -1.3 

0.82 



0.14 

0.13 -0.15 

3.9 

3.8 -4.0 

Tryptophan 


0A9-0.56 

mE3 

mmsjm 



EES 

0.040-0.049 


1.05-1.15 

T^sine** 

1.0 

1.8 -2.2 

1.4 

1.2 -1.5 


0.32 -0.37 


0.17 

0.16 -0.18 

6.3 

4.6 ^.8 

Valine 

2.1 

2.0 -2.4 

1.6 

1.6 -1.6 

112 

0.42 -OM 



0.19 -0.22 

5.8 

6.4 -6.0 


(Expressed as per cent of the protein (N X 6.38)) 

Arginine* 

3.1 

2.9- 3.4 

3.5 

3.2- 3.8 

3.4 

3.3- 3.5 


3.4 

3.1- 3.6 

3.6 

3.5- 3.7 

ffistidine 

2.4 

2.2- 2.9 

2.4 

2.4- 2.5 


1.9- 2.1 


2.3 

2.1- 2.8 

2.6 

2.6- 2.7 

Isoleudne 

6.0 

6.9- 6,2 

6.5 

6.3- 6.8 

6Ji 

6.9- 6.4 


6.3 

6.2- 6.5 

6.4 

6.2 -6.4 

Leucine ' 

10.6 

9.9-11.1 

11.8 


lU 

10.6-11.5 


10.9 

9.9-11.9 

mm 

9.8-10.0 

Lysine 

8.3 

7.6- 9.1 

8.1 

7.8- 8.7 

7.4 

7>- 7.7 



8.3- 9.2 

8.3 

8.1- 8.8 

Mettdoninc 

2.1 

1.6- 2.6 

2.2 


2.2 

2.1- 2.4 


1.9 

1.7- 2.1 

2.6 

2.1- 2.8 

i^enylalanine 

4.5 

4.3- 5.0 

4.6 

K Sol 

4.2 

3.7- 4.5 


4.6 

4.3- 4.7 

5.2 

5.0- 5.8 

Threonine 

4.5 

4.2- 4.9 

4.8 

4.7- 4,9 

4.9 

4.6- 5.1 


4.8 

4.2- 4.7 

4.2 

4.1- 4.3 

Tryptophan 

1.4 

1.3- 1.6 

1.4 

1.1- 1.5 

1.2 

1.2- 1.8 


1.4 

1> 1.4 

1.2 

1.1- 1.2 

•^Sane** 

5.3 

4.9- 5Ji 

5.5 

4.7- 6.7 

4.9 

4.7- 5.2 


5.8 

5.1- 5.7 

5.7 

6.1- 6.0 

'^ine 

6.9 

6JJ- 6.6 

6.2 

6.0- 6.5 


6.0- 6.7 


6.3 

6.0- 6.6 

6.2 

ai- 6.6 


* Arginine is required only for maximum growth by certain species. It cannot be 
considered truly indispenable. 

** Tyrosine is not an indispensable amino acid, but it may exert a sparing action on 
phenylalanine. 

For comparative data the rcatlor is referred to the book by Block and Bolling (1) 
and the paper by Williamson (2). The data presented in these references were ob- 
tained largely by chemical methods. Stokes, Gunness, Dwyer and Caswell (9) 
present data obtained by their microbiological method on a sample of whole milk and 
one of casein. In most cases, the data presented in the latter paper arc in good agree- 
ment with those reported in Table I. 

The data are expressed as per cent of the sample (undried basis) and as per cent of 
the protein (micro-kjeldahl nitrogen multiplied by 6.38). In this calculation of 
protein from the nitrogen content, much of the error inherent in the use of a common 
factor for all proteins (6.25) is eliminated by use of a specific factor for casdn. Never- 
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Giclcfas, a small error may still exist as the factor G.38 may not be accurate for all the 
milk proteins or for all variations of protein content that may occur in the samples 
under consideration. However, the calculated protein value is extremely useful for 
comparative purposes, as it reduces to an approximately equivalent basis, different 
kinds of food or dissimiliar samples of the same food. Tn this invest igal ion the cal- 
culated protein value is especially useful in comparing the samples of fresh milk in 
which the protein content varies considerably, and in making comparisons between 
the different typ('s of milk as these may vary in fat (dry skim milk) as well as protein 
and are of widely different moisture content. The data include the range of values as 
well as the average in order to convey the extent of variability in results of the assays. 
Because of the small number of samples involved for each type of milk, it seemed pref- 
erable to express this variability in terms of the range instead of standard deviation. 
On a comparable protein basis, the results for arginine, isoleucino, Icucim', lysine, 
phenylalanine, threonine, tryptophan, tyrosine and valine, with a few minor excep- 
tions, fall within =fc: 10% of the average. A number of factors, the duplicability of the 
liydrolyzates, duplicability of titrations in colored solutions, nitrogen analyses, as 
well as variability of bacterial growth, combine to give an overall variability in re- 
sults that may approach 10%, For this reason, it appears probable^ that the apparent 
variability on a given type of milk may be chiefly assigned to the method rather than 
to actual differences between samples. Whether or not the somewhat greater differ- 
ences between the histidine values and betw'cen the methionine values for certain 
samples have any significance is doubtful because the methods for these two amino 
acids were somewhat more troublesome than those for the other amino acids. It 
should not be inferred from our work that the overall variability of all microbiological 
amino acid assays is ± 10%, The variability can be decreased by the use of a larger 
number of replicates and is usually less for purified and semi-purified proteins. In 
general, the variability in results reported in Table I for casein arc not as great as 
those reported for the various types of milk. 

In most instances the values in Table I confirm published data. 
Where this is the cf^e, they will not be discussed in detail unless there 
is an indication of a difference between fresh and processed milk. In 
the case of histidine, there appears to be a slightly lower content in 
evaporated milk. A later and more extensive investigation failed to 
confirm this point, and we are at present inclined to assign this lower 
average value for histidine to the varia])ility of the method. It seemed 
probable that any such loss of histidine would occur in the heat sterili- 
zation of evaporated milk. However, in a comparison of four pairs of 
samples of unsterilized and sterilized evaporated milk, an average 
difference of only 3% of histidine was found and, when the processing 
time was increased fourfold, as compared to commerical practice, on 
two samples the loss amounted only to 8 and 13%. 

Our leucine values are lower than the chemical values reported by 
Williamson (2) and by Block and Bolling (1). They are in much better 
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agreemont ^viUi the microbiological values reported by Stokes, Gun- 
ness, Dwyer and Caswell (9), by Ryan and Brand (20) and by Schwei- 
geii), Meintire, Elvchjem and Strong (18). Our lysine values also agree 
much better with other published microbiological values than with the 
chemical values. While the data in Table I suggest a slight loss of 
lysine by the heat treatment in the preparation of dried milk, this is of 
doubtful significance because of the overlapping in the range of values 
for the various types of milk. The slightly greater loss in lysine in the 
preparation of evaporated milk suggested by the data appears to have 
some significance. In an attempt to confirm the accuracy of this 
observation, the lysine content of four samples of evaporated milk 
were compared before and after sterilization. These samples were 
sterilized for 15 minutes at temperatures from 116 to 118®C. in a con- 
tinuous sterilizer. The average loss in lysine content was 11%. When 
samples were sterilized for one hour at the same temperature the 
average loss was 26%. The latter samples were so badly overcooked 
that they were unfit for human consumption. The conditions for the 
sterilization of evaporated milk are critical. The fluid character of 
milk permits agitation in the can to promote heat penetration and 
extensive commerical experience has shown that adherence to the 
conditions stated above insure the production of a sterile milk but 
permit stabilization of the protein in an uncoagulated form and 
minimize the production of cooked flavor. 

Since the nature of the protein, the pH of the media and other 
conditions affect the rate of lysine destruction during sterilization, it 
would be unwise to project our data for evaporated milk to the estima- 
tion of lysine destruction in other canned foods. Nevertheless, our 
work suggests the need for an investigation of this subject in the case 
of meat and non-acid vegetable products which require long steriliza- 
tion times which arc often several-fold that which can be used for 
evaporated milk. 

The destruction of lysine in the heat processing of proteins has been 
noted before. Morgan and Kern (21) found that cooking reduced the 
nutritive value of meat protein. Greaves, Morgan and Loveen (22) 
found that the dry heating of casein destroyed the lysine and that, at 
temperatures above 140°C., histidine was also destroyed. Waisman 
and Elvehjem (23) found that autoclaving edestin destroys lysine. 
The data presented in the papers mentioned are largely drawn from 
prolonged heat treatment at high temperatures which were sufficient 
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to alter the biological value of the protein as measured by nitrogen 
balance or growth-promoting properties. In contrast, since milk protein 
is one of the richest sources of lysine, the loss during the processing of 
evaporated milk is small and does not detract from the value of the 
protein when millc is the only or major source of protein in the diet as 
it is in the determination of biological value of the protein or in an 
infant formula. This has been shown by Whitnah (24) who found that 
the biological value of evaporated milk protein as determined by the 
Mitchell method does not differ significantly from that of fresh milk. 
Greaves, Morgan and Loveen (22) have explained that the low content 
of cystine and methionine is the factor limiting growth in studies with 
milk protein and that sufficient excess lysine is present so that a part 
of it may be destroyed before the loss is refiected in the biological 
value of the protein. While the supplement value of milk proteins when 
combined with other proteins deficient only in lysine may be less in 
the case of evaporated milk, the loss of lysine is so small that it is of 
doubtful practical significance. 

The methionine content of milk and casein as reported in Table I 
are in good agreement with those reported by Stokes, Gunness, Dwyer 
and Caswell (9) but are somewhat lower than those reported by Block 
and Bolling (1), which were obtained by chemical methods. The values 
for methionine in casein reported by Evans (26) and by Albanese, 
Frankston and Irby (26) and obtained by two different chemical 
methods are also in good agreement with those reported in Table I. 
The lower methionine content in mixed milk protein than that in 
casein is unexplained. We have investigated the question of whether 
the presence of lactose in the hydrolysis mixture contributes to the 
loss of methionine. When methionine was added to a lactose-casein 
mixture, recoveries of only 90% were obtained, but when methionine 
was added to dry skim milk excellent recoveries were obtained. While 
it is not possible to draw a definite conclusion as to whether there may 
or may not be a small loss of methionine, it does appear that no very 
large loss occurs when milk proteins are hydrolyzed in the presence of 
lactose. We have used the method of Stokes, Gunness, Dwyer and 
Caswell (9) to check our methionine results on the dry skim milk 
samples. An average result of 2.1% of the protein was obtained by 
this S. faecalis method which is the same as that obtmned by the 
Lethconostoc mesenteroides method. Somewhat less variation was ob- 
tained by the S. faecalis method, but the agreement between results 
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on the individual samples was quite good. Two samples of casein were 
also assayed by both methods and the results are in excellent agree- 
ment. In our hands, the S, faccalis method of Stokes, Gunness, Dwyer 
and Caswell (9), which we used for arginine, leucine, threonine and 
methionine assays, gives somewhat more uniform results than those 
employing other J)acteria. 
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Summary 

1. Microbiological methods have been used to assay six samples 
each of fresh, evaporated, dry whole and dry skim mUk and four 
samples of casein for the nine essential amino acids, arginine and 
tyrosine. 

2. With the exception of slightly lower values for leucine and slightly’' 
higher values for lysine, the data on amino acid content do not differ 
markedly from published values obtained by chemical methods and 
the agreement with other microbiological data is good. 

3. The data suggest a small and nutritionally insignificant loss of 
lysine in the heat processing of evaporated milk. When the variability 
of the assays is considered, this is the only measurable indication of a 
loss of an essential amino acid during the processing of evaporated or 
dried milk. 
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Intkoduction 

The nutritional requirementH of Bacillus atdhracis have received 
relatively little attention. The only detailed published work is that by 
Gladstone (1939). He grew several strains of B. anthrads in “completely 
synthetic” media consisting of amino acids, salts, glucose and gluta- 
mine; no mention was made of any vitamin requirement. Information 
was presented on the necessity for having several amino acids in the 
medium, and on the interrelationships between them. Fildes and 
Gladstone (1939), using Gladstone’s “synthetic” medium, found that 
the growth of five of six strains of B. anthrads was accelerated by the 
addition of M/1000 glutamine, whereas the groAvth of the other strain 
was unaffected. Knight (1935) reported that a concentrate of his 
“staphylococcus factor” from yeast was essential for the proper 
growth of a strain of B. anthrads. The “staphylococcus factor” was 
later identified as nicotinic acid and thiamine (Knight, 1937), but 
Landy (1939) reported that the essential growth factor for B. anthrads 
was neither of those vitamins, but still another factor, not replaceable 
by any of the known growth factors. O’Kane (1943) found that 
thiamine was the only B complex vitamin required by B. anthrads in 
a hydrolyzed casein base medium. 

The work presented here is the result of studies on the nutritional 
requirements of B. anthrads, Vollum strain,* in a completely chemically 

‘Studies conducted at Camp Detrick, Frederick, Md., from August, 1944, to 
February, 1946. 

* With the techmcal asdstance of M/Sgt. H. J. Buehler, T/5 W. L. Mosby and 
PhM3c J. M. Heinzman. 

' Vollum, M-36 strain obtained from Dr. Paul Fildes. 
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After moderate growth had been obtained in acid-hydrolyzed 
casein base media, chemically defined media were devised on the basis 
of the results mth semi-pure media. 


TABLE II 

The Effects of Ammonium SvlJaUj Ammonium Nitratef Urea and Yeast Nudeic Add 
on Growth of B, anihracis at Various Levels of Casein Hydrolysate 


Per cent casein hydrolyzate 
Constituents added to 0.2 0.4 0.6 

No. basal medium* Spores X lOVnil. 


1 

None 

27 

40 

41 

2 

0.2% ammonium sulfate 

32 

35 

39 

3 

0.2% ammonium nitrate 

26 

41 

48 

4 

0.2% urea 

35 

35 

45 

5 

0.1% yeast nucleic acid 

79 

152 

249 


* Basal medium: 0.015 M KH 2 PO 4 , 0.016 ilf K 2 HPO 4 , 0.0002 M MgS04, 0.00004 M 
Fe(NH 4 ) 2 (S 04 ) 2 , 0.025 M NaHCOs and 0.02 7 /mL thiamine 'HCL 


Several mixtures of pure amino acids (synthetic where possible) 
were used in preliminary attempts to replace the casein hydrolyzate. 
By coincidence, the mixture devised to resemble casein (on the basis 
of published amino acid analyses) gave the best results of those tested. 
Reducing the concentrations of several amino acids and increasing 
those of others, impro'\'ed growth further. The best combination 
developed in the early experiments ('‘D'^ mixture) is shown in Table 
III. This mixture is not ideal; some of its components are unnecessary 
for growth and the concentration of others might profitably be altered. 
It was later found, after the inorganic composition of the basal medium 
had been improved, that increasing the level of the mixture in 
the medium allowed still better growth (Fig. 1). The upper set of 
amino acid data in the figure was obtained in a later experiment with 
a further improved basal medium. 

Several experiments were carried out to study the effects of indi- 
vidual amino acids on growth. It was soon evident that an extensive 
program would be necessary to determine the requirement for each 
amino acid in the presence of optimal amounts of all the others, in 
addition to various other interrelationships between them. Because 
of time limitations, no further work was done on a min o acid require- 
ments. 
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TABLE III 


Amiiw Acid Mixture (“D** 

Mixture) 

Final molarity 

Amino acid 

in medium 

Glycine 

0.001 

d^-Alanine 

0.0025 

di-Serine 

0.0005 

d/-Threoninc 

0.0025 

Valine 

0.00125 

d/- Leucine 

0.0025 

d2-lsoleucine 

0.0025 

di-Aspartic Acid 

0.00125 

di-Glutamic Acid 

0.0025 

dZ-Lysine-HCl 

0.0005 

/(+)-Arginine-HCl 

0.00125 

l(+).Histidinc*HCl 

0.00125 

2(— )-Cystine 

0.000126 

d/-Methionine 

0.0006 

/(— )-Proline 

0.0025 

d/-Phenylalanine 

0.001 

l( --)-T 2 yptophane 

0.000625 

^(— )-Tyrosine 

0.0005 


Note: mixture contains twice the above concentrations of amino acids, 

except that tyrosine is omitted. 
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Fig. 1 

Effect of Mixture, “D” Mixture and Thiamine on Growth of B. anthracia in 
Chemically Defined Media 
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After an adequate amino acid mixture was obtained, the next step 
was to study the replacement of the yeast nucleic acid with known 
compounds. Of the known components of ribonucleic acid, uracil, 
adenine, guanine and ribose w^ere combined in the same relative 
concentrations in which they occur in ribonucleic acid, and at levels 
at which they had been found effective with other bacteria. The 
resulting mixture of nucleic acid components (‘‘N” mixture) was 
equivalent in concentration to 0.00005 M ribonucleic acid. The results 
indicate that the nucleic acid is completely replaceable by “N’’ 
mixture. The effects of increasing the levels of “N'' mixture arc shown 
in Fig. 1. 

Table IV shows the effect on growth of single constituents of the 
'‘N” mixture as well as various combinations of those constituents. 


TABLE IV 

Effect of Constituents of Nucleic Acid* on Growth of B, anihracis 
in a Chemically Defined Medium 


Medium 

Spores X lOVniL 

Basal (As Table VI without “X” mixtuio) 

41 

Basal 4- “N” mixture 

78 

Basal 4- Uracil 

42 

Basal 4“ Adenine 

49 

Basal 4- Guanine 

30 

Basal 4- Bibose 

28> 

Basal 4“ Uracil 4- Adenine 

sa 

Basal 4- Uracil 4- Guanine 

63 

Basal 4* Uracil 4* Ribose 

39 

Basal 4" Adenine + Guanine 

62 

Basal 4" Adenine 4- Bibose 

50 

Basal 4“ Guanine 4- Bibose 

44 

Basal 4* Uracil 4- Adenine 4- Guanine 

73 

Basal 4- Uracil 4- Adenine 4- Bibose 

60 

Basal 4- Adenine 4- Guanine + Bibose 

67 

Basal 4* Uracil 4- Guanine 4- Bibose 

37 

Basal Table VI without “X” mixture) 

39 

Basal 4- “X” mixture 

53 

Basal 4* 2 “X^^ mixture 

65 

Basal 4“ 4 “X” mixture 

109 

Basal 4“ Uracil 4- Adenine 

51 

Basal 4" 2 Uracil 4- 2 Adenine 

34 

Basal 4- 4 Uracil 4- 4 Adenine 

40 


* Concentrations used are 0.00005 M uracil, adenine and guanine and 0.0002 M 
ribose, except where two or four times these concentrations arc indicated. 
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It can be seen that none of the compounds wah effective singly. At 
the single level of “N” mixture, a combination of uracil and adenine 
was as effective as the complete mixture, but at double and quadruple 
levels growth was diminished. At higher levels of “N” constituents, 
which resulted in better growth, guanine was needed in addition to 
uracil and adenine. Combinations of uracil and guanine or adenine and 
guanine were partially effective. Eibose was not needed and, in several 
cases, its inclusion in the medium resulted in lower yields. Other experi- 
ments indicated that the addition of c3rtosine or thymine to the mixture 
did not further stimulate growrth, that animal nucleic acid functioned 
fully as well as yeast nucleic acid, as would be expected, and that 
adenosine or adenylic acid successfully replaced adenine but did not 
improve growth beyond that obtained with adenine. 

The following B complex vitamins, in the concentrations indicated 
(y/ml.), gave little or no stimulation of growth when added singly or 
combined to a purified basal medium containing t hiamin e: riboflavin 
0.1, pyridoxine 2.0, calcium pantothenate 1.0, niacinamide 1.0, biotin 
0.001, p-aminobenzoic acid 0.006, inositol 20.0, and L. casei factor 
0.01. However, the vitamin mixture was added in most experiments as 
a precaution because of its possible effects on virulence or stability. 
Thiamine is the only vitamin needed by this organism. 

The optimal level of thiamine was determined on a purified medium, 
containing amino acids and the “N” mixture in place of hydrolyzed 
casein and nucleic acid. Fig. 1 shows the curve obtained. Thiamine 
levels of 0.02 y/ml. or higher allowed maximum growth. The pyrimidine 
and thiazole components of thiamine were found to be inactive, both 
singly and in combination. 

The modified Gladstone salt mixtui’e (Table I, footnote) had been 
adequate for early work on oi^anic nutrients, but it was realized that 
it could be improved. When the completely defined medium was 
available, the mineral nutrition of the organism was studied. 

Table V shows the results obtained with added Mg++, Ca++, Fe+'*' 
and Mn++. In this experiment each ion was tested individually bj"- 
varying its concentration while the other ions were present in approxi- 
mately optimal concentration as determined in preliminary experi- 
ments. In the absence of magnesium practically no growth occurred, 
whereas 0.0005 M MgS 04 allowed good growth. A yield of 10 X lO’^ 
spores/ml. was obtained in the absence of calcium, but the addition of 
0.0005 M CaClj increased the yield to 45 X 10^ spores/ml. Higher 
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TABLE V 

E£eet of Metalkc Iona on Growth of B. anthracit in Chemically Defined Media 


Metallic ion varied 

Molarity of 
variable 

Yield 

Spores X W/ml. 

Ca++ (Fe, Mg present) 

0 

11 

Ca++ (Fe, Mg present) 

0.0001 

40 

Ca**^ (Fe, Mg present) 

0.0005 

44 

Ca'^’^ (Fe, Mg present) 

0.0025 

20 

Ca*^ (Fe, Mg present) 

0.01 

<1 

Fe**^ (Ca, Mg present) 

0 

17 

Fe++ (Ca, Mg present) 

0.000013 

46 

Fe++ (Ca, Mg present) 

0.00004 

40 

Fe++ (Ca, Mg present) 

0.0002 

43 

Fe+''' (Ca, Mg present) 

0.001 

40 

Mg++ (Fe, Ca present) 

0 

<1 

Mg++ (Fe, Ca present) 

0.000067 

38 

Mg*^ (Fe, Ca present) 

0.00067 

34 

Mg"*^ (Fe, Ca present) 

0.00134 

42 

Mn***+ (Fe, Ca, Mg present) 

0 

44 

IVIn"*^ (Fe, Ca, Mg present) 

0.00001 

51 

Mn"*^ (Fe, Ca, Mg present) 

0.0001 

50 

Mn++ (Fe, Ca, Mg present) 

0.001 

56 


Basal medium: “D” mixture (Table III), “N” mixture, 0.02 M glucose, 0.02 M 
NaHCOg, 0.00003 M glutamine, 0.03 M ExHPOt, 0.03 M EHtPOi, 0.02 y thiamine 
•HCl/ml., and the mixture of eight B complex vitamins described in the text. 

levels of caldum were toxic until at 0.01 M no growth occurred. 
Levels of iron (as reS 04 ) from 0.00001 M to 0.001 M all gave equal 
growth whereas, in the absence of iron, growth was markedly reduced. 
Added manganese (as MnS 04 ) was not essential, but stimulated 
growth appreciably. It is probable that the medium contained enough 
manganese as an impurity to allow moderate growth. Some of the 
other essential elements were also undoubtedly present as contami- 
nants. 

Replacement of the potassium phosphates in the medium with 
sodium phosphates resulted in a decrease in yield from 35 X 10^ 
spores/ml. to 10 X lO’' spores/ml. Partial replacement reduced the 
yields proportionately. 

The optimal level of total phosphate ion was found not to be critical. 
In early work 0.03 M and 0.06 M phosphate gave equal yields, whereas 
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in later improved media 0.06 M phosphate gave somewhat better 
yields than lower concentrations; 0.09 M phosphate was definitely 
toxic. 

The addition of CuSOi, ZnS 04 , CdCU and C 0 CI 2 at levels of 0.1 to 
1.0 ppm. of the metallic ions caused no stimulation of gro'W'th, and 
10 ppm. Cu++ was definitely toxic. 

In a separate experiment on the effects of possible traces of other 
inorganic ions in the medium, the components of the medium (amino 
acids, salts, glucose, vitamins, dc.) were purified individually by 
appropriate treatment with diphenylthiocarbazone or 8-hydroxyquino- 
line or, in some cases, by repeated recrystallization. The results 
showed that the fully purified medium was somewhat less satisfactory 
for growth than the non-purified medium. The difference is probably 
due to removal of traces of some clement or elements helpful to growth, 
although the possibility of residual toxicity or of damage to organic 
nutrients by the method of treatment must not be overlooked. Inter- 
mediate combinations gave intermediate values. This phase of the 
work was not carried further. 


TABLE VI 

“Synthetic” Medium for B. arUhracis 


Compound 

Molarity 

ti(4-)-Glucose 

0.02 

/(+)-Glutamine 

0.00003 

2 X “D” mi3cture (Ammo Acids) 

— 

4 X “N” mixture (Nucleic Acid Components) 

— 

NaHCOs 

0.02 

KsHPO* 

0.03 

KHjP04 

0.03 

MgS04 

0.0002 

MnS04 

0.0001 

FeS04 

0,00006 

OaCU 

0.0005 

Thiamine 'HCl 

0.00qp0006 


The composition of the best chemically defined medium for B. 
anthrads, based on the results of these studies, is shown in Table VI. 
This me^um produced yields in excess of one billion spores/ml., and 
controlled increases in glucose, amino acids and nucleic acid compo- 
nents would probably increase the yield still further. 
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Spores grown in this chemically defined medium were extremely 
virulent. When injected subcutaneously five spores killed an average 
of three out of five mice, while 20 spores killed 100% of the mice, 
with symptoms and pathology of typical anthrax. 

Discussion 

The vitamin requirements of this strain of B. anthracis are relatively 
simple, thiamine being the only vitamin required. Uracil, adenine and 
guanine are necessary for optimal growth. Gladstone’s results with a 
medium supposedly free from these factors may be due to strain 
differences, or he may have obtained less grov’th than we did. The 
failure of Landy to identify thiamine as one of the required factors 
may be due to the fact that both thiamine and the nucleic acid compo- 
nents must be present for appreciable gro\\i:h; vith either absent, 
growth is very light. The requirement of the organism for uracil, 
adenine and guanine is not surprising, as several other organisms have 
been shown to require one or more purine or pyrimidine bases (Pap- 
penheimer and Hottle, 1940; Snell and Mitchell, 1941; Mueller and 
Miller, 1942; Hutner, 1944). 

The striking effects of various metallic ions on this organism’s 
growth serve to emphasize the importance of inorganic nutrition for 
microorganisms; it is a factor often overlooked or minimized. 

Bicarbonate (or CO 2 ) promoted earlier spore germination. Kempner 
and Schlayer (1942) have shown that with the pneumococci the length 
of the lag phase is an inverse function of the CO 2 concentration. 

It should be remembered in examining these data that some of the 
experiments are not comparable with others, since they were performed 
at different stages of the work, with corresponding differences in yields 
to be expected. Certain aspects of this wnrk, such as the interrelation- 
ships between the amino acids and between the nucleic acid compo- 
nents, are admittedly incomplete and should receive further study. 
This, however, w'as not possible under war conditions because of the 
urgent need for application of these results in the solution of practical 
problems. 


Summary 

1. The nutritional requirements of a strain of B. anthracis have been 
determined. 
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2. Yields in excess of 10® viable spores/ml. have been obtained in a 
chemically defined medium consisting of amino acids, glucose, gluta- 
mine, bicarbonate, salts, thiamine, uracil, adenine and guanine. 

3. The only vitamin requued by B. antliracis is thiamine; uracil, 
adenine and guanine are stimulatoiy. 

4. Calcium, magnesium, iron, manganese, potassium, bicar1)onate 
and phosphate ai’e either required for, or stimulate, groudih. 
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Introduction 

In order to develop an improved practical growth medium specifi- 
cally for BaciUm anthracis, the results of nutritional studies (Brewer 
et al. 1946) with this species were applied to the selection of appropriate 
nutrient materials commercially available at moderate cost, and to 
the proper combination of these materials to form a satisfactory 
medium of relatively low solids content. The previous work had shown 
that B. anthracis required for satisfactory gro\vth a number of the 
natural amino acids (in proportions similar to those in casein), glucose, 
thiamine, adenine, guanine, uracil, bicarbonate, phosphate and salts of 
potassium, magnesium, iron, manganese and calcium. 

Experimental 

The experimental techniquee described in the fundamental nutritional studies 
with B. anthracis were used in devising practical growth media. After preliminary 
work with 16 ml. cultures had indicated suitable combinations, these were tested 
and confirmed on a larger scale by growth in volumes of 600 mL or larger in 4 liter 
Pyrex Fembach flasks on the shaking machine previously described. It was found 
derirable to clarify by filtration or centrifugation the undried distillers’ solubles to 
remove insoluble fibrous grmn residues. 

Resultu 

Since B. anthracis had been shown in the work with hydrolyzed 
casein and with chemically defined media to require several amino 


‘ Work conducted at Camp Detrick, Frederick, Md., from November, 1944, to 
March, 1945. 

’ With the technical assistance of M/Sgt. H. J. Buehler, T/5 W. L. Mosby and 
PhMSo J. M. Heinzman. 
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acids for growth, it was apparent that a protein hydrolyzate should 
be included in the medium. The most suitable of those available was 
pepticase,^ a tryptic digest of casein. Because casein is more uniform 
in composition than the packing house wastes ordinarily used in 
'^peptones,'' because it is a complete protein and because its acid 
hydrolyzate had ser\"ed satisfactorily for growth of B. anthrads, 
pepticase was selected for initial trial as a source of amino acids. 

The necessity for the components of nucleic acid in the medium 
indicated the deshability of including yeast or yeast products. Yeast 
also serves as a good source of thiamine, an essential nutrient. 

The remaining nutritional requnements, fermentable carbohydrate 
and the inorganic ions bicarbonate, phosphate, potassium, magnesium, 
manganese, iron and calcium can be obtained cheaply and in large 
quantities as commercially pure substances. Moreover, the enzyme 
digest of casein and the yeast materials used can provide a part of 
these requirements, and in some cases, bicarbonate and thiamine, 
all of that required. 

Accordingly, the early attempts to devise practical media were 
carried out with combinations of pepticase, marmite (a British yeast 
autolyzate) or undiied distillers’ solubles (semi-soluble residue of the 
alcoholic fermentation of grain), glucose and salts. Many combinations 
of these ingredients were tried with success. 

Although pepticase was considered to be the most satisfactory of the 
commercial protein digests, others were also tested to determine then- 
suitability for use in alternate media. These alternative digests included 
several brands of peptones. They were tested at several concentration 
levels both singly and in combination. 

Several media which have produced yields of approximately two 
billion or more spores per ml. ai-e listed in Table I. The level of any 
particular protein digest or yeast product w^as found to be non-critical, 
but rather a minimum total concentration of each of these appeared 
to be required for high yields. Within limits, the various protein 
digests were mutually replaceable as were the yeast products. 

Discussion 

Complex media of unknown and variable composition meat 
infusions, serums, etc,) are usually employed for the cultivation of 

® A product of Sheffield Farms Co., Inc,, New York, N. Y. 
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pathogenic bacteria, particularly when cultures of larger than test 
tube size arc required. Such empirical media are seldom fitted to the 
specific nutritional needs of the individual species and may often be 
nutritionally deficient. Unnecessary proteins thus included in the 
medium may also introduce needless complications in immunological 
studies in which such media are used. 

TABLE I 


Practical Media for BadUus anthracis 


No. 

psr cent 
Pepti- 
case^ 

per cent 
USP 
Peptone* 

cent 

DS> 

per cent 
Mar- 
imte4 

per cent 
PY» 

per cent 
Oerelose 

per cent 
KtHPOi 

per cent 
KHsP04 

Spores X 
lOVml. 

1 

1.0 



0.075 




0.27 

150« 

2 








0.4 

195 

3 



1.0 



0.6 


0.4 

195 

4 

1.0 


0.8 

0.1 


0.8 

0.5 

0.4 

204 

5 

0.6 

BIS 

0.4 



0.8 

0.5 

0.4 

198 

6 

0.6 


0.6 



0.8 

0.5 

0.4 

222 

7 

1.0 

1.0 

0.5 


0.1 

0.8 

0.5 


226 


Basal salts: 0.01% CaClg-OHA 0.001% FeS 04 - 7 H, 0 , 0.005% MgS 04 - 7 H 20 , 

0.003% MnS04 *41120, tap or distilled Water to volume. 

1. Product of Sheffield Farms CJo., Inc., Now York, N. Y. 

2. Product of The Wilson Laboratories, Chicago, 111. 

3. Undried distillers' solubles from Hiram Walker and Sons, Inc., Peoria, 111. 

4. A British autolyzed yeast product. 

5. Plasmolyzed yeast from Vico Products Co., Inc., Chicago, 111. 

C. Contained 0.027 thiamine per ml. and 0.02 M NaHCOg. 

One of the media described (No. 1, Table 1) in this paper has 
proven of value for the production of large yields of highly virulent 
spores in investigations of the immunochemistry of anthracis by 
other workers (Watson et al 1946). These workers found that virulence 
was maintained by continuous cultivation in pepticase-marmite media 
but attenuation of virulence resulted from growth on nutrient agar. 
A similar medium has been used (Olson, 1946) with success for the 
preparation of spore suspensions of Bacillus gldbigii for experiments 
with electro-physical methods of counting bacteria, where freedom of 
the medium from non-bacterial microparticles was required. 
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Summary 

By the application of the results of previous nutritional studies, 
practical media designed specifically for growth of B. anthracic have 
been developed. 


References 

Brewer, C. R., McCullolgh, W. G., Mili*, R. C., Roesslbr, W. G., Herbst, 
E. J., AXD Howe, A. F., Arch. Biochem. 10, 55 U946). 

Watson, D. W., Cromartie, W. J., .ind Bloom, W. L., To be published. 

Olson, F. R., Unpublished data. 



On the Respiration of Dennatoph]rtes 

Walter J. Nickerson* and John 3. Chadwick® 

From the Phyoiological Projed^ Section, AFPGC, Eglin Fidd, Florida 
Received February 13, 1946 

Introduction 

There does not seem to be any report on the respiration of members 
of the dermatophytes (species of the filamentous genera of Imperfecti: 
Trichophyton j Epidermophyton and Microsporum causing superficial 
infections of the skin). The literature to be cited, although based 
mainly on members of the Phycomycetes, has some bearing on our 
problem. The extensive work by De Boer (1928) on the respiration of 
Phycomyces included a critical discussion of much of the older pertinent 
literature. 

De Boer found Phycomyces Blatkesleeanus could not grow anaerobically and was 
affected by even a slight drop in oxygen tension. On linseed oil the fungus had an 
R.Q. of 0.65-0.75; fat was metabolized preferentially in mixed carbohydrate-fat 
substrates. Butkcwitsch (1902) had shown certain fungi only consume proteins 
when carbohydrates or fats were not present; in the absence of lie latter compounds 
AspergiUus niger liberated considerable quantities of ammonia while PmiciUium sp. 
liberated amino acids. Schade and Thimann (1940) investigated oxygen consumption 
by a water mold, LepUmitus lacteus. They found Weucine or di-alanine capable of 
supporting growth as the sole source of carbon and nitrogen; these amino acids wore 
found to be oxidized by mycelia that had been depleted of reserve stores by standing 
several days in a nonnutiiont environment. With a source of nitrogen present, 
acetate,® butyrate, and higher fatty acids up to 10 carbon atoms were oxidized; 


^Formerly 1st Lt., Sanitary Corps, A.U.S., present address; Dept, of Biology, 
Wheaton College, Norton, Mass. 

* Formerly Sgt., A.U.S., present address: Biological Laboratories, Swarthmore 
College, Swarthmore, Penna. 

® It is possible that LepUmitus might be a most favorable organism for the study 
of acetate oxidation inasmuch as dextrose is not oxidized and the oxidation of acetate 
exhibits a partial recovery with time from inhibition by cyanide; Nickerson and 
Carroll (1945) have presented a brief discussion of differences among organisms in 
the oxidation of acetate. 
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under similar conditions dextrose or sucrose were not oxidized. The essentially 
assimilative nature of this organism was shown by the fact that no oxygen uptake 
in excess of the control was found \\dth unstarved mycelia upon the addition of any 
carbon source. 

Robbins and Ma (1945), studying the nutrition of Trichophyton mentagrophytesj 
found this organism unable to use NH4NO3 but to grow readily with a source of 
amino acids (i.e., peptone, casein hydrolyzate). They found no evidence for the 
indispensability of any amino acid but no single amino acid promoted growth so 
well as did a suitable mixture of amino acids. The authors concluded that amino 
acids available in a medium are incorporated into the fungus protein more rapidly 
than these can be supplied by the metabolic transformation of any single amino acid. 

In the present study on oxygen uptake by species of dermatophytes 
under various experimental conditions, respiratory data emphasize the 
role of assimilative processes in these organisms. Through variations 
in the rates of oxygen consumption prompted by changes in hydrogen 
ion and salt concentrations, some considerations of the nature and 
location of respiratory enzymes vdthin the cell are put forth. Additions 
of minute amounts of various cations and selected organic compounds 
to respiring fungus preparations revealed several substances with 
inhibitory effects on oxygen uptake; efforts were made to neutralize 
the inhibitory effects of some of the cations. A suggestion is put forth 
on the use of respiratory measurements in the bioassay of fungicides. 

Experimental 

Methods 

A. Organisms, Cultures of pathogenic fungi freshly isolated^ from lesions of the 
foot and of the glabrous skin were identified following Emmons (1934) and Conant 
et al. (1945), These cultures, and cultures received® from Duke University Medical 
School, were inoculated onto plates of Sabouraud^s dextrose agar and Difco-commcal 
agar. Transfers were also inoculated into a liquid medium of the following composi- 
tion: dextrose 50 g., tryptose 10 g., asparagine 1 g., yeast extract 0.01 g., K 2 HPO 4 
5 g., MgS 04 0.2 g, and distilled water to make one liter; total solids, 6.63 g. per 
100 cc. The following organisms were used: Trichophyton gypseum (mentagrophjtes^ 
cf. Emmons, 1934), T, rubrum and Epidermophyton floccosum, 

B. Fungus Preparations for Respirometer, The filamentous fungi frequently grow 
in the form of a mat on the surface of agar media and, unless disturbed, grow similarly 


^ Isolations were made by Capt. Frank A., Dolce, MC, in the Dermatological 
Clinic, AAF Regional Station Hospital, Eglin Field, Fla. A preliminary report by 
Dolce and Nickerson on the cliniwd use of dilute solutions of zinc chloride in the 
treatment of fungus infections among military personnel is in preparation. 

® The kindness of Dr. N. F. Conant in supplying cultures is appreciated. 
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on the surface of liquid media. Attempts to harvest such growth and to homogenize 
it in some way (such as by sucking in and expelling from a S3nringe) for use as a 
suspension have been reported occasionally, but such techniques defeat the purpose — 
the mycelial components are frequently ruptured and one most often obtains merely 
a spore suspension with assorted cell debris (the admirable Kluywer-Perquin agita- 
tion method for producing homogeneous growth was not entirely feasible because 
of the slow growth-rate of these fungi). It was our desire to learn to what extent 
a foreign agent effects a healthy, growii^ culture in a state of organization for in vitro 
study closely compai-able to that in situ. To this end, using a sterile 15 mm. diameter 
cork borer, cylinders were cut from agar plate cultures evenly covered with a 2 to 
4 weeks old growth. The discs were then placed in the respirometer vessel in 1 cc. 
of liquid. After each experimental period the disc was dropped into boiling water to 
remove the agar, lifted from the water after one minute, drained and placed on a 
previously weighed, clean coverslip. Dry weight determinations were made by 
heating the fungus and coverslip for 12 hours at lOO^C. It was found that loss of 
weight by the fungus mycelium during the brief hot water extraction was probably 
negligible.® The coverslip and fungus were mounted in lacto-phenol cotton blue on 
a slide to give a permanent record of the organism used in each test. If contamination 
occurred it would be easily discovered with such a record. Samples of fungus from 
liquid cultures were easily obtained by use of a wire flattened at the end to a sharp 
cutting edge capable of being flamed. Pieces of mycelia were lifted out from a culture 
flask, drained, rinsed in sterile distilled water and placed in the respirometer vessel. 

C. Handling of Respirometer Vessels. A volumetric microrespirometer described by 
Scholander (1942) and by Scholander and Edwards (1942) was used in the present 
work. This instrument, discussed by Click (1944), employs an ordinary micrometer 
to displace mercury from the reservoir of a micrometer burette and has a sensitivity 
of 1/3 mm.® per hour. An important feature of this type of instrument is that the 
pressure of oxygen in the vessel is maintained constant during long experiments* 
Vessels were of 10 cc. capacity; CO 2 was absorbed by 20% KOH placed in a small 
well of which the upper half was paraffined. A filter paper roll (Whatman No. 40) 
saturated with KOH protruded slightly from the well. Care was taken to touch the 
paper only with clean forceps to preclude formation of ammonia. 

A disc of fungus mycelium from an agar culture or a piece of mycelium of suitable 
size from a liquid cultui*e was carefully lowered into a vessel containing 1 cc. of 
buffer solution. The vessel was then carefully attached to the respirometer which 


® This could not be determined absolutely but, by comparing dry weights of the 
residues from sterile agar and from agar plus fungus discs dropped into boiling 
water, it was found that the residues from sterile agar discs of comparable ages were 
heavier. The glucose and chloride content of the water used to separate the agar 
from mycelia was very small in comparison with analyses for the same substances 
in water in which sterile agar discs had been dissolved. However, Day (1942) in 
another connection, using a rather more drastic hot water extraction found mycelia 
to average 12-15% lower dry weights than comparable untreated mycelia. She 
melted agar off in hot water, fished out the mycelia (of Phycomyces) and immersed 
the mat in hot water before drying. 
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was placed in a water bath and allowed to equilibrate for 15 minutes before the 
initial reading was taken. Readings of oxygen consumption (as measured in 1/100 
mm. decrease in the micrometer setting necessary to obtain levelling of the man- 
ometer) were made at 15 minute intervals during a period of one or more hours to 
determine the respiration rate (basal QOs) of the mycelia in a non-nutrient medium 
(buffer solution). At the end of this period, 0.5 cc. of 3x the desired final concentration 
of carbohydrate, poison, etc,, was introduced into the vessel and a second series of 
readings of oxygen consumption was made for a period of one or more hours. The 
time elapsing between the end of a control run and the beginning of an experimental 
run was usually 15 minutes. At the end of an experimental run a third run was 
undertaken in some cases, e.g,, return of the fungus to plain buffer after removal of 
a poison solution, or addition of a second compound in an attempt to counteract a 
poison. 

Only preparations from liquid cultures were used in studies with added substrate, 
since the mycelia on agar discs already have nutrient available. No oxygen con- 
sumption was noted when controls of sterile agar discs where placed in the respi- 
rometer. No attempt was made to starve the mycelia obtained from liquid media by 
preliminary storage in plain buffer. The few experiments to be reported on the effect 
of various substrates on oxygen consumption were preliminary for the inhibition 
studies wherein only vigorous growths were to be employed. No difference in the 
QOs was observed when a disc of mycelia on agar was placed in the respirometer 
vessel with agar or fungus side face down in this liquid; this was taken to mean the 
rate of oxygen diffusion into the liquid was not limiting. This w^as convenient since 
it was not desired to agitate the organisms in the vessels violently. The stream of 
air passed through the water in the bath created a slight vibration of the vessels 
through the flexible rubber tube mounting sufficient to agitate the liquid and organ- 
isms in the vessel; this procedure was deemed sufficient in view of the above finding 
reflecting on the low QO 2 of these organisms. 

D, Description of Respirometer. Since this is the first time the Scholander respi- 
rometer has been used with preparations of microorganisms, the following details of 
its operation are presented. The instrument and the vessels employed are shown in 
Fig. 1. The \rater bath in which the instrument is immersed was of glass and suffi- 
ciently deep to cover the thermobarometer (E) and oxygen reservoir (B) as weU as 
the respiration vessel (C). A constant bubbling of air through the water in the bath 
is necessary to insure uniform mixing. Bubbling was accomplished easily by leading 
compressed air through a short length of 3 mm. glass tubing into a small disc of 
sponge rubber from which the air emerged as minute bubbles. The mercury reservoir 
must be free from air bubbles and the oxygen reservoir filled with water-saturated 
oxygen. The manometer is levelled against the edge of a white card held in place 
upon the composition backing by a clamp. The tubing connecting the respiration 
vessel needle to the instrument capillary should be of butadiene synthetic rather 
than natural rubber to avoid absorption of gas when exposed to pure oxygen. All 
rubber connections are securely wired to the glass tubing. Stopcocks are greased 
with a sulfur-free hydrocarbon grease (such as “Nevastane”). Micrometer readings 
are converted directly into mm.’ through multiplication by a constant. Blank runs, 
identical with experimental runs but without organisms, produced only fractions of 
one mm.’ changes over a one hour period. 
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Oxygen Consumption in Presence op Carbon Sources 

After a preliminary equilibration period of 15 minutes, the rate of 
oxygen consumption for all organisms examined was linear for several 
hours in the absence of added substrate. Such was true for preparations 
from either agar or liquid cultures. Evidently sufficient oxidizable 





Scholander Volumetric Microrespirometer 
Constant pressure obtained by turning ratchet of micrometer to level manometer. 
A film of water lies on the mercury in B;lio free mercury surface is exposed; liquid 
in D is manometer fluid. 

reserve stores are readily available to these fungi to permit a relatively 
constant basal (endogenous?) rate of oxygen consumption. This was 
the experience of Schade and Thimann (1940) with Leptomitus lacteus 
and of Wolf and Shoup (1943) with four species of AUomyces. Con- 
sidering a change of zfc 0.10 from the basal Q 02 to be significant, no 
carbon source was found that promoted an increased oxygen con- 
sumption over the basal rate in ilf/15 KH2PO4 at pH 4.6; data are 
shown in Table I (by Q 02 is meant mm? O 2 consumed/mg. dry 
weight/hr.). In Sorensen phosphate buffer at pH 8.0, the addition of 
ilf/20 dextrose was followed by an immediate rise of 43% in the Qos 
of T. gypaeurrif while addition of ilf /30 glycerol to T. rvbnm increased 
its Q 02 by 36%. The rates following addition of substrate were constant 
for a period of one or more hours at these higher levels. All other 
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carbon sources tested for oxidizability were either without effect or 
toxic. In particular, the fatty acids were toxic and, surprisingly, 
M/100 sucrose at both pH 4.6 and 8.0 was inhibitory for T, ruhrmn. 


TABLE I 

Effect of Various Carbon Sources on Oxygen U'ptake by Two Species of Dermatophytes 

Buffers employed were: pH 4.6M/15 KH 2 PO 4 , pH 7.0 COj-free distilled water, 
pH 8.0 (in expt. No. 90) citrate-phosphate, pH 8.0 (in other expts.) il//15 NaaHPO^- 
MjXh KH 2 PO 4 . Basal QO 2 determined in plain buffer for one or more hours immedi- 
ately preceding addition of C-source; 28°C.; atmosphere O 2 ; fungus prei>arations not 
starved. 


Expt. 

no. 

Carbon source 

Concen- 

tration 

Organism 

pH 

|c 

Qoi 

carbon 

bouice 

Per cent 
change in 

I ate of Oj 
uptake 

8 

Dextrose 

M/20 

T. rvbrum 

4.6 

1.44 

1.44 

0 

18 

Dextrose 

M 120 

T. rubrum 

4.6 

1.28 

1.27 

0 

90 

Dextrose 

MI20 

T. gypseum 

8.0 

2.69 

3.86 

+43 

153 

Sucrosen 

M/m 

T, rubrum 

4.6 

0.23 


-52 

157 

Sucrose 

Mim 

T, rubrum 

8.0 

0.55 

0.32 

-42 

150 

Mannitol 

M/60 

T. rubrum 

4.6 

0.23 


0 

155 

Mannitol 

Mm 

T. rubrum 

8.0 

0.55 


0 

151 

Glycerol 

Mm 

T, rubrum 

4.6 

0.23 


0 

156 

Glycerol 

M/30 

T, rubrum 

8.0 

0.55 

0.75 

+36 

164 

Soluble starch 

1/6% 

T. rubrum 

8.0 

0.87 


0 

165 

Calcium 








gluconate 

M/120 

T. rubrum 

8.0 

0.87 


0 

170 

Na formate 

Mm 

T. gypseum 

4.6 

0.64 


-10 

73 

Na citrate 1 

il//100 

T, gypseum 

4.6 

1.06 

0.92 

-13 

229 

Bactotryptose | 

1/3% 

T. gypseum 

7.0 

1.73 

1.56 

-10 

230 

Asparagine 

M/40 

T, gypseum 

7.0 

1.73 

1.74 

0 


It seems clear that the basal rate of oxygen consumption with these 
organisms is not comparable to the endogenous rate (rate of O 2 uptake 
in the absence of added substrate) with yeasts. It is not likely that 
we are here dealing with surface saturation of enzymes by substrate 
or questions of permeability. Possibly these organisms are equipped 
only to oxidize some assimilation product, possibly carbohydrate, 
to which the dextrose and glycerol might have been converted at 
pH 8.0. 
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TABLE n 


ResplratioN of T. ruhrim at Different Hydrogen Ion Concentrations 
Using Various Buffers 

Buffer composition as indicated; 28®C.; atmosphere, O 2 


Eaept. 

no. 

Buffei 

pH 

Dry 

weight 

Duration 
of oxpt. 

Total Oa 
consumed 

Qoa 

167 

M/15 KHjPOi 

4.6 

mg. 

60.1 

hrs. 

u 

mm.^ 

69.7 

0.93 

168 

KBPhthalale + NaOlI 

4.0 


u 

66.7 

0.89 

169 

KHPhthalalc + IICl 

3.0 


11 

58.6 

0.78 

170 

KCi + HCl 

2.0 


11 

28.8 

0.38 

171 

il//15 IvHaPOi 

4.6 


11 

28.0 

0.37 

173 

KHPhlhalafc + NaOlI 

4.0 

40.3 

n 

49.4 

0.98 

174 

KHPhtlialatc + llCl 

3.0 


11 

45.5 

0.90 

175 

KCI + IlCl 

2.0 


11 

29.8 

0.59 

176 

il//]5 KHsPOi 

4.6 


li 

31.6 

0.63 

177 

ICHjPOi + NaOH 

8.0 

54.7 

11 

52.7 

0.77 

178 

KnjP 04 + NaOH 

7.0 


li 

51.2 

0.76 

179 

KHPhthalate + NaOH 

6.0 I 


2i 

' 94.2 

0.69 

180 

M/15 KH 3 PO 4 

4.6 


li 

62.2 

0.64 

181 ! 

KHaPOi + NaOH 

8.0 

62.8 

n 

72.4 

0.92 

182 

KH 2 PO 4 + NaOH 

7.0 


li 

67.2 

0.73 

183 

KHPhthalate + NaOH 

6.0 


2i 

118.6 

0.76 

184 

M/15 KH 2 PO 4 

4.6 


li 

62.2 

0.66 

185 

Citrate — Na 2 HP 04 

8.0 

75.0 

li 

70.8 

0.75 

187 

Citrate — N a 2 nP 04 

6.0 


U 

71.5 

0.76 

189 

Citrate — Na 2 HP 04 

4.0 


2i 

106.5 

0.57 

190 

Ci trate — N a 2 H I ^0 4 

8.0 

59.7 

li 

45.5 

0.61 

101 

Citrate -Na 2 HP 04 

7.0 


li 

43.9 

0.59 

192 

Citrate — NaallPOi 

6.0 


li 

46.1 

0.62 

193 

Citrate -Na2HlK)4 

5.0 


11 

38.2 

0.51 

194 

Citrate -”Na 2 llP 04 

4.0 


2i 

57.6 

0.39 


Effect of Hydrogen Ion Concentration on Oxygen Consumption 

As shown in Fig. 2, there is a depression in the Q 02 — pH curve in 
the region of pH 6.0-5.5 for E. fioccosum and T. gypseum. Ordinarily 
one finds an optimum pH range for oxygen consumption with most 
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organisms. The finding of a depression in the Q 02 at a pH range 
flanked by an increase in rate at both higher and lower H-ion concen- 
trations seems to have been reported only once before, by Tang (1936). 
The rate of oxygen consumption at any given pH was constant for the 
period the organism was held there, always one or more hours. The 
pH of the buffers was checked with a glass electrode after being made, 
and again, colorimetrically, immediately before use. 



Fig. 2 

Variation in the Q 02 of E. floccosum and T. gypaeum with pH 
Each point is the rate for Oj uptake over a period of 1 or more hours; Mcllvaine’s 
citrate-phosphate buffer used. Dry weights of fungus used were: Expt. No. 30, 
10.0 mg.; No. 33, 9,9 mg.; No. 79, 17.7 mg.; No. 85, 77.4 mg.; No. 91, 64.2 mg. 
Temperature 28®C.; atmosphere, Os. 

Employing T, rubrum and phthalate, citrate and phosphate series 
of hydrogen ion buffers we found that the rate of oxygen consumption 
decreased slightly as the H-ion concentration increased; this variation 
in Q 02 with pH was independent of the buffer employed. T. rubrum 
was shown (Nickerson, 1946) to have, on the average, a basal Q 02 at 
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constant pH markedly lower than found for the other dermatophytes. 
There seems to be no tendency for the Qos of T. rubrum to be particu- 
larly affected by the H-ion concentration of its environment. 

In discussing the localization of enz 3 rmes within calls, Heilbnmn 
(1943) points to the work of Myrback and Vasseur (1943) on lactose- 
fermenting yeasts who have claimed that enzymes localized at the 
cell surface are markedly affected by the pH of the cell environment 
while enzymes located within the cell are not easily so influenced. 
Tang (1936), studsring the rate of oxygen consumption by Saccharo- 
myces wanching at different H-ion concentrations in different buffer 
systems, found the chemical nature of the buffer system anions to be 
of considerable importance. It is well known that protoplasm is 
affected differently by different acids; the citrate ion (employed in 
the buffer for Fig. 2) is usually placed first in the list of anions in a 
lyotropic series of suliatances causing reversible protein precipitation 
(see Gortner, 1938). 

Effect of Salt Concentration on Oxygen Consumption 

Different concentrations of sodium chloride were added to respiring 
preparations of T. gypseum in distilled water. It was found that the 
Q 02 was highest in distUled water, falling sharply with the addition of 
small amounts of NaCl only to increase with sightly greater concen- 
trations of salt. As in the pH studies, the fungus was held at each salt 
concentration level for a period of one or more hours, during which 
time the rate was constant. This behaviour with NaCl is interesting, 
particularly in view of the reaction of E. floccosum and T. gypseum to 
changes in pH. The response of T. gypseum to changes in salt concen- 
tration (Fig. 3) is reminiscent of the variation in solubility of a ^obulin 
with change in salt concentration (see Gortner 1938). 

Analogies may be drawn between the behavior of proteins and the 
respiration of E. floccosum and T. gypseum with changes in pH and 
salt concentration in the cell environment. While these analogies are 
interesting, we feel they can only serve at the moment to indicate 
future lines of work. The enzymes controlling respiration in some 
species of dermatophytes may lie in or near the surface easfly influenced 
by environmental conditions, and possess components with an iso- 
electric point at pH 5.0-5.5, and globulin in nature. 
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Effect op Certain Inorganic Compounds on 
O xTGEN Consumption 

The selection of substances to be studied for theii' effect on oxygen 
consumption was directed mainly toward (a) inoi^anic water-soluble 
salts and (h) salts of fatty acids. Attention to (o) was drawn by 
observations of Salvin (unpublished) on the toxic action of zinc 



Fig. 3 

Oxygen Consumption by T. gypseum at Different Concentrations of Sodium Chloride 
Zero concentration (basal rate) in COrfree distilled water. Organisms held 1 K hours 
at each concentration; temperature, 28‘’C.; atmosphere, O*. Open circles, ex])t. 
nos. 220-224, 226 mg. diy wt.; closed circles, expt. nos. 213-217, 28.4 mg. diy wt.; 
half closed circles, expt. nos. 231-235, 29.9 mg. dry wt. 

compounds toward Aspergillus niger as shown by manometric measure- 
ments on respii’ation; by similar observations of Nickerson (unpub- 
lished) on the inhibitory effect of zinc chloride on Trichophyton 
Sehoerdeinii; and by the work of McCallan and Wilcoxon (1934). 

Results of determinations of oxygen consumption in the presence of 
salts of certain inorganic compounds are listed in Table III. Respiration 
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TABLE in 

Efect of Inorganic Sails, other lhan Zim, on. O 2 Uptake by E.Jloccosvvi and T, rnbrum 


Rale in ilf/15 KII 2 PO 4 i& the basal rate. E\pt. no. indicates order of treatment. 
28°C.; atmosphere, O 2 . 


Eipi. no. 

Organism 

Ticalmcnt 

Qos 

Change from 
bas^ Q02 





per cent 

23 

E. Jloccosurn 

.V/15 KIIiPO, 

2.45 


24 


llf/100 RbCl 

1 2.56 

0 

lot 

T, rubrnm 

^//15 KH 2 PO 4 

1.08 


105 


Mim AgNOj 


-too 

106 


ilf/15 KII 2 PO 4 


no recovery 

108 

T. rubruvi 

il//15 KH 2 PO 4 

1.04 


109 


ilf/10,000 AgNOa 

0.59 

-43 

143 

1\ ruhrum 

ilf/15 KHjPO* 

0.48 


145 


ilf/lOO CdS04 

0.66 

+37 

146 

T, rnbrum 

ilf/15 KH 2 PO 4 

0.80 


148 


ilf/lOO CdCb 

0.62 

-22 

195 

T. ruhrum 

ilf/15 KH 2 PO 4 

0.43 


196 


ilf/lOOO HgCb 

0.31 

-28 

197 


il//100 HgCL 

0.11 

-74 

198 

T. rnbrum 

ilf/15 KH2P04 

0.50 


199 


iif/1000 HgCI, 

0.36 

-28 

200 


^f/100 HgCb 

0.08 

-84 

7 

T, rubrurn 

ilf/15 KH 2 PO 4 

1.44 


8 


ilf/20 Dextrose 

1.44 

0 

9 


M/m NaF 

1.62 

+ 12 


of the fungi in the presence of various inorganic zinc compounds is 
shown in Table IV. As mentioned under previous headings, the rate 
of oxygen uptake was constant for the test period during which the 
fungus was exposed to treatment. It is clear that some zinc compounds 
are about as effective as salts of silver or mercury for inhibiting 
respiration. Zinc chloride retains some activity even in dilutions of 
10"^ M against all organisms tested. The effect of 10~^ M zinc chloride 
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persists even after the fungus had been removed from the presence of 
the salt and well washed with phosphate buffer or distilled water 
(Fig. 4). 

TABLE IT 


Effect of Inorganic Zinc ScHts on O 2 Consumption hy Certain of the Dermatophytes 
Rate in MJlb KH2PO4 is the basal rate, except for expt. no 37.; cxpt. no. indicates 
order of treatment; 28 ®C.; atmosphere, O2. 


Expt. no. 

Organism 

Treatment 

Qoa 

Chann from 
basal Qot 

116 

T, ruhrum 

.V/15 KH 2 PO 4 

1.02 

per cent 

117 


J//1000 Zn acetate 

1.30 

+27 

137 

7\ ruhrum 

M/16 KH 2 PO 4 

1.40 


138 


AT/IOOO Zn(NO,)s 

1.09 

-22 

25 

E. floccosum 

M/15 KH,P04 

1.61 


26 


3//100 ZnCh 

0.65 

-60 

37 

E, floccosum 

COs-free H 2 O 

2.36 


38 


M/100 ZnCls 

0.20 

-92 

39 


COa-free H 2 O 

0.84 

-65 

40 

E, floccosum 

3//15 KHsP04 

3.23 


41 


M/100 ZnQs 

0.24 

-93 

42 


M/15 KB 2 PO 4 

1.32 

-59 

63 

T. gypseum 

3f/15 KH 2 PO 4 

2.34 


64 


M/10,000 ZnCls 

2.04 

-13 

66 

T, gypseum 

M/15 KH 2 PO 4 

2.85 


67 


M/1000 ZnCh 

2.18 

-24 


A reversal of the toxic effects of zinc salts folloT\Tng the addition of 
calcium chloride has been reported for animals (Sutton, 1939; Jones, 
1938) and for bacteria following the addition of sodium thiosulfate 
(Vignati and Schnabel, 1928). No evidence for such a phenomenon 
was found with the fungi employed here as judged by the rates of 
oxygen uptake. The addition of M/1000 CaClo follo\\ing M/1000 
Zn(N 03)2 with T, rvbrum only seived to depress oxygen uptake 
slightly more; the experience with sodium thiosulfate and magnesium 
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sulfate following other zinc salts was similar (Table V). In the other 
direction, attempts to augment the action of zinc salts by preliminary 
use of detergents were not notably successful. 



Fig, 4 

Effect of Addition of M /lOO Zinc Chloride upon the Rate of Os Uptake by E. floccoawm 
For experiment starting in M/IS Kil 2 P 04 , 9.0 mg. dry weight (closed circles); 
for expt. in COyfree distilled water, 8.9 mg. dry weight (open circles); 28®C. Values 
indicated arc per cent decrease in consumption as compared with the respective 
basaJ rates. Fungus preparations returned to buffer or water at 5 hour mark, 

Eppecjt op Certain Organic Compounds on Respiration 

In the fatty acid series (Table VI) addtition of ilf/100 propionate to 
E, floccosum resulted in three cases in inhibitions of 35, 27 and 13% 



04 


WALTER .1. NICKERSON AND JOHN B. CHADWICK 


reapeclively. Tliis concentration was evidently not fungicidal since 
return of the fungus to phosphate buffer was followed by an immediate 
return of the Qo 2 to its initial basal level in buffer. Sodium undecyle- 
nate'^ in il//200 concentration promoted a 37% decrease in the rate 
of respiration of T. riibrum. 


TABLE V 

Attempts to Overcome Zinc Inhibition by Addition of Other Compounds 
Rate in M/15 KH2PO4 is basal rate; 28®C.; atmosphere, O2; zinc compound 
removed and fungus washed with three changes of second compound within 15 
minute period. 


Expt, no. 

Organism 

Treatment 

Qos 

Change from 
basal Qos 

63 

r. gypseum 

3//15KH.»POi 

2.34 

per cent 

64 


3f/10,000 ZnCU 

2.04 

-13 

65 


il//1000 MgSOi 

2.14 

0 

66 

T, gypseum 

i 3//15 KHiP04 

2.85 


67 


J//IOOO ZnCli 

2.18 

-23 

68 


3//100 MgSOi 

1.37 

-52 

137 1 

T. rubium 

M/lo KHiPOi 

1.40 


138 


M/IOOO Zn(NOg )2 

1.09 

-22 

139 


3f/1000 CaClj 

0.77 

-45 

201 

2\ rubrum \ 

M/lo KH 2 PO 4 

0.45 


202 


3f/1000 ZnCb 

0.36 

-20 

203 


37/1000 NaiS >02 

0.26 

-42 


Among other organic compounds tested for inhibitory effect on 
respiration, 4.5 X 10"“'* M phenyl mercuric nitrate caused a 40% drop 
in the Q 02 of T. gypseum (Table VII). This concentration was transi- 
tory in effect since return of the fungus to plain buffer was followed 
by a noticeable rise in the Q 02 from its depressed level. It will be noted 
that the inhibition following addition of phenyl mercuric nitrate was 
greater than that resulting from a stronger concentration of mercuric 
chloride (M/1000). Addition of 1.5 X 10"* M hexylchloro m-cresoF to 

7 We are indebted to Dr. H. W. Hartman, Henry Ford Hospital, Detroit for a 
sample of hexylchloro m-cresol, and to Dr. L. Reiner, Wallace and Tieman Company, 
for a sample of undecylenic acid. 
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T, gypseum in the presence of Na formate was followed by a decline 
of 44% of the rate in buffer. With the diphenyls, curiously, o-diphenyl 
was stimulatory while the p- form was slightly inhibitory. 

TABLE VI 


Effects of Some Organic Acids on O2 Uptake by T. ruhrum and E, floccosum 
Rate in KII2PO4 is basal rate; salts of acids made up in this buffer and used 
at pH 4.6; 28®C.; atmosphere, O 2 . 


p]xpt. no. 

Organism 

Tieatnient 

Qoa 

Change fiom 
bos^ Qos 

4 

T, luhiuni 

A//15 KTLPO 4 

1.22 

l)tr Lffit 

5 


M /20 Dextrose 

1.02 

-15 

G 


A / /1 00 Na malonate 

0.06 

-20 

46 

E. Jloccosum 

Af/15 KH 2 PO 4 

1.10 


47 


A//100 Na propionate 

0.70 

-35 

48 


A//15 KH 2 PO 4 

1.71 

+55 

40 

E, floccosum 

Af/15 KH 2 PO 4 

1.60 


50 


A//100 Na propionate 

1.20 

-27 

51 


Af/15 KH 2 PO 4 

1.54 

0 

129 

T. ruhrum 

A//15 KH 2 PO 4 

0.81 


130 


M /200 Na undecylenate 

0.51 

-37 

112 

T. ruhrum 

Ai/16 KHiP04 

1.19 


113 


A//1000 ILBO, 

0.58 

-51 

82 

E. floccosum 

zl//15 KH 2 PO 4 

2.11 


83 


A//100 Na propionate 

1.83 

-13 

84 


A//15 KH 2 PO 4 

2.37 

+12 


Discussion 

In a borate buffer series (KCl-NaOH-Boric acid) using Saccharo- 
myces wanching, Tang (1936) found a minimum rate of oxygen con- 
sumption at about pH 8.9, ‘The general shape of the curve for this 
pH range resembles that characteristic of many colloidal processes 
and suggests that there exists in the cells of S, wanching a mechanism 
of respiration having some specifically colloidal factor with an iso- 
electric point at pH 8.9/' (We were unable to use a borate buffer 
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TABLE VII 

Effect of Certain Organic Compounds on Oxygen Consumption by T, gypseum 


Rate in ilf/16 KH 2 PO 4 is the basal rate; 28°C.; atmosphere, 0*; the diphenyls 
were made up as saturated solutions and 0.5 cc. added to 1 cc. phosphate buffer 
in the vessels; final concentration is quoted as a 1/3 saturated solution. 


Expt. no 

Treatment 

Qoj 

Change irom 
basal Qos 

57 

Jlf/15 KH 2 PO 4 

0.58 

per cerU 

58 

4.5 X 10“* M Phenyl mercuric nitrate 

0.35 

-40 

59 

M/15 KH 2 PO 4 

0.44 

-24 

69 

M/15 KH 2 PO 4 



70 

M/20 Na formate 


-10 

71 

1.6 X 10”* M Hexylchloro w-cresol 


-44 

75 

M/15 KH 2 PO 4 

2.45 


76 

1/3 sat. soPn. p-diphenyl 


-17 

77 

M/15 KH 2 PO 4 

1.94 


78 

1/3 sat. soPn. o-diphenyl 

2.35 

+21 


because of the inhibitory effect of boric acid on these organisms, see 
Table VI). In contrast to the behaviour of the yeast in borate buffer, 
its rate of oxygen consumption in phthalate and phosphate buffers 
was found to decline gradually towards the extreme acid or alkaline 
ranges; with an acetate buffer the rate dropped precipitously mth 
increasing acidity. Tang believed he could distinguish two respiratory 
systems in his yeast, one higher in rate and lowered by increasing 
acidity; the other, having a component with an isoelectric point at 
pH 8.9 and lower in rate. With the organisms studied here it appears 
that the respiratory system of T. rubrum may be different from that 
possessed by the other organisms examined. T. rubrum has a lower, 
less variable basal rate of oxygen consumption and is not markedly 
affected by the pH of its environment. The evidence, however, permits 
little choice between thinking of the respiratory system of T. rubrum 
possessing different components or having comparable components 
located within the cell interior. These observed differences of behaviour 
for T. rubrum are of considerable interest when one recalls that it is 
the most stubborn of the causative organisms for tinea pedis, being 
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extremely difficult to remove as Conant et al, (1945) point out; the 
connection, if any exist, between the differences observed in the 
laboratory for T, rubrum and the clinical findings is to be explained. 

Borei and Lindvall (1943) showed the endogenous respiration of 
Saccharomyces cerevisiae, proceeding according to the cytochrome 
oxidase-cytochrome system, consists of two fractions. With increasing 
acidity (pH 6.5 ta 4), one fraction is unchanged while the other 
increases in rate, probably as a result of enzyme activation. 

In connection with the findings of Tang and of the present paper, 
the recent caution of van Goor and Jongbloed (1943) shoxild be 
pointed out. These authors, attempting to repeat work of Overbeek 
and Polder (1941) on oxygen consumption by minced animal tissue, 
obtained a cuiwe for oxygen uptake with time exhibiting a minimum 
flanked by higher rates (see Fig. 2 of this paper), van Goor and 
Jongbloed showed the upswing in rate after several hours to be a 
result of bacterial contamination and not of glycogen synthesis, as 
Overbeek and Polder had claimed. In the present instance it is believed 
contamination does not enter the picture, since considerable care was 
exercised to maintain as nearly aseptic conditions as possible; further- 
more, the lack of substrate and high acidity in most experiments were 
not conducive to bacterial growth. 

The preponderant role of assimilative processes with these organisms 
is emphasized by our findings that, under acid conditions, no added 
carbon source was oxidized and at alkaline levels only two substances 
promoted an increase in oxygen uptake over control values. Findings 
of Robbins and Ma (loc. dU) on assimilative processes in nitrogen 
nutrition were mentioned previously. Indeed, one might not be 
surprised that an essentially low-grade parasite dwelling in the com- 
paratively impoverished epidermis has survived through powers of 
assimilation when dissimilatory mechanisms would find substrates 
scanty. 

A great deal has been written about the biological action of zinc and 
of zinc salts; an interesting review by Hegsted, McKibbin and Drinker 
(1945) summarizes a large amount of work on the biological importance 
of this element. From our results, zinc salts seem nearly as toxic as 
salts of mercury and silver to certain species of dermatoph 3 rtes and 
much more toxic than salts of cadmium, in contrast to the findings of 
Gutstein (1932). Gutstein believed that heavy metal compounds act 
by precipitating phosphatides in the cell walls. However, the lack of 
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sequence in the activity of compounds, -within a class in the periodic 
table, with increasing atomic weight would seem to argue against any 
single mode of action for the metals -within that class. 

Inhibition of fungus respiration as a metabolic bioassay method has 
been proposed (Nickerson, 1946) as a means for obtaining relevant 
laboratory data on the effectiveness of chemical agents in controlling 
undesirable fungus growths under conditions more closely approxi- 
mating operational (t.c., effect on vigorous, metabolizing mycelia) 
than hitherto employed. Part of the basLs for this proposal has been 
detailed in the present paper. It is believed that these procedures may 
profitably be applied to gain information on the action of fungicides 
and to supply criteria for the selection and performance of fungicides. 
It is believed that a method (to be used in addition to the existing 
gro-wth-test and spore germination-test procedures) supplying infor- 
mation on the effect of chemicals on fungi in a mycelial state may 
have application in laboratory studies on the fungus deterioration of 
equipment and on pathogenic fungi. 

It is a pleasure to acknowledge the encouragement of Lt. Col. Laurence Irving 
and Lt. Col. J. R. Scholtz in this work, and the discussions with Major P. F. Scho- 
lander and Lt, G. A, Edwards; technical as^tance from Stuart Lee is appreciated. 
The authors are indebted to Dr. K. V. Thimann for reading the manuscript. 

Summary 

Methods are described for handling mycelial organizations of fila- 
mentous fungi for study of oxygen consumption in respirometers. 
The use of studies on the inhibition of respiration as a means of 
evaluating the action of chemicals in vitro is recommended as a prom- 
ising adjunct to methods at present in use. 

Oxygen consumption by three species of dermatophytes: Tricho- 
phyton rubrunij T. gypseum (mentagrophytes) and Epidermophyton 
floccosum has been examined. No increase in oxygen consumption 
was found at pH 4.6 for any organism with any of several carbon 
sources tested. At pH 8.0, ilf/20 dextrose produced a significant 
increase in the Q 02 when added to respiring preparations of T, gypseum; 
ilf/30 glycerol did likevidse for T, rubrum. 

With a citrate buffer series the rate of oxygen consumption by 
jB. floccosum and T, gypseum reached a minimum at pH 5.0-5.5, -with 
higher rates at more acid or alkaline levels. The Q 02 of IT. gypseum 
fell rapidly with the addition of low concentrations of sodium chloride 
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to mycelia respiring in distilled water; O 2 uptake increased, however, 
ivith the addition of more NaCL Analogies are dravTi between the 
behavior of proteins and the respiratory systems of these two organ- 
isms. The respiratory systems may be in or near the cell surface 
readily affected by environmental changes, possess components with 
an isoelectric point at pH 5.0-5.5, andbe of a globulin nature. 

O 2 uptake by T, rubrum showed only a slight decline with increasing 
acidity; this relationship was independent of the buffer sjrstem em- 
ployed. The mean basal Q 02 for 26 isolates of T. ruhrum was markedly 
less than for the other species. These and other differences found in 
our study sepai'ating T, rubrum from two other dermatophytes arc 
interesting since T, rubrum differs clinically from other species; greater 
difficulty is usually experienced in curing infections in which T. rubrum 
is the causative organism. 

The effect of certain water-soluble inorganic salts on.02 uptake was 
studied; salts of zinc, mercury and silver were found to be highly 
mhibitory, while cadmium compounds had little effect. The inhibition 
produced by zinc salts could not be overcome by the addition of 
calcium chloride, sodium thiosulfate or magnesium sulfate. 

Salts of fatty acids were found to depress O 2 consumption to varying 
extents; ilf/100 sodium propionate was slightly inhibitory, but O 2 
uptake rose to the basal level after removal of the salt from the 
environment. 
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A Submicro Method for the Determination of 
Iodine Number of Lipids ^ 

Norman Elretchmer, Ralph T. Holman and George O. Burr 

From tlie Division of Physiohgiral Chemislry, University of Minnesota, Minneapolis 
Eoceivcd February 13, 11)46 

Introduction 

It is frequently desirable to know the degree of unsaturation of 
very small samples of lipid. The existing micro modifications of iodine 
number determinations require larger amounts of lipid than can be 
obtained from 0.1 ml. blood samples. The present study was made to 
devise a micro method requiring 10-100 7 of lipid, depending on the 
degree of unsaturation. 

The determination of iodine number has been used for over half a century in lipid 
analysis and a variety of halogenating reagents have been used to add to the double 
bonds of the unsaturated fatty acids. Rosenmund and Ivuhnhenn in 1923 (4) were 
the first to apply the pyridine sulfate dibromide reagent in the determination of 
iodine number. Yasuda (6) modified this method so that samples as small as 3-5 mg. 
could be used and this procedure has been applied in many biological studies. Wilson 
and Hansen (6), utilizing the Yasuda method for the determination of lipid unsatura- 
tion of plasma or serum, added hydroquinone as an antioxidant during lipid extrac- 
tion. The hydroquinone remains in the aqueous phase when the lipid is re-extracted 
with petroleum ether and, therefore, does not interfere with the determination. 

Tlie present adaptation of the Rosenmund-Kuhnhenn method to sub- 
micro quantities of fat consists largely in the design and construction 
of suitable equipment. 


Experimental 

To deliver small samples (.05 ml.) of pyridine sulfate dibromide a 
pipette was constructed as described by Kirk ( 1 ). 

^ The experimental data are taken from a thesis submitted to the Graduate School 
of the University of Minnesota by Norman Kretchmer in partial fulfillment of the 
requirements for the degree of Master of Science. 
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The burette used was a modification of the Rehberg burette (3) having a bore 
such that one centimeter length equals 2.72 cu. mm. and having a total capacity of 
197.2 cu. mm. Inasmuch as mercury does not react \^th thiosulfate the burette 
designed for this reagent contains a direct contact mercury drive. The titration is 
carried out with the tip of the burette beneath the surface of the reaction mixture; 
and constant stirring is effected by a glass-covered iron pellet similar to the “flea” 
described by Iinderstr0m-Lang (2), which is moved up and down by an intermittent 
magnetic field giving 4 pulses per second. The alternations are produced by connec- 
tions acrossjjthe commutator of a small motor (Fig. 1). 

COPPER OXIDE REACTION 

RECTIFIER VESSEL 



Fig. 1 

Wiring Diagram of the Magnetic Mixer 


Reagents: 

(a) Redistilled chloroform (alcohol-free) 

(5) 0.02 N sodium thiosulfate (in water) 

(c) 0.05 N pyridine sulfate dibromide (in ^cial acetic acid) 

id) 10% potassium iodide ^n water) 

ie) 1% starch solution 

The experimental procedure is a modification of that of Yasuda. 

One-tenth ml. of chloroform containing the lipid is added to the reaction vessel, 
whichisal X 4 cm. test tube. The amount of lipid contained in the chloroform should 
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vary with the degree of unsaturation and should be of such magnitude that the sample 
titre is about three-fourths that of the blank. To this solution and a blank 0.05 ml. 
of pyridine sulfate dibromide reagent is added, the two solutions are mixed and 
placed in the dark for twenty minutes (Pig. 2), after which the vessels are removed 
and 0.05 ml. of 10% potassium iodide is added to each. 



Fig. 2 

Relation of Iodine Number to Time of Reaction 


Three drops of 1% starch are then added to the mixture and the solution is ti- 
trated with 0.02 N s^um thiosulfate until colorless. The water delivered in the three 
drops of starch is sufficient to promote ionic reactions. It was found best to run a 
bla^ for each sample. However, if this is not done, it is imperative that at least 
two blanks be run with each group of samples. Acetic acid has a large coefficient of 
expansion and any conaderable cl^nge in temperature brings about an error in the 
amount of pyridine sulfate dibromide delivered. 

To minimize oxidation of the lipid solutions, they were preserved in the cold and 
in an atmosphere of carbon dioxide when not being used. 


Results 

The submicro modification was applied to a group of oils and a group 
of esters of pure fatty acids. The values obtained on the pure fatty 
esters are in close agreement with those given by the conventional 
macro Wijs method (Table I). The very small degree of variation shown 
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TABLE I 


The Submicro Modification of the Rosenmund-Kuhnhenn Iodine Number 
Compared vrith the Macro Wife Iodine Number 



Sample 



Theoretical 

Lipid 

weight 

Mean iodine 

Macro 

iodine 

(t) 

value 

Wijs 

value 

Olive oil 

89.1 

82.9=1=0.317 (81* 

83.2 

- 

Com oil 

62.3 

]24.8d=0.166 (8) 

126.7 


Linseed oil 

45.9 

169.8=1=0.840 (10) 

178.9 


Ethyl oleate 

53.5 

79.8db (5) 

80.4 

79.8 


81.3 

79.1=1=0.2501 (3) 



Ethyl linoleate 

40.9 

160.5=b (7) 

160.6 

163.6 


40.5 

162.1 =b (4) 




15.1 

161.7=fc (3) 




36.8 

160.2±0.290i (2) 



Ethyl linolenate 

18.0 

246.0±0.000» (7) 

243.7 

247.0 

Methyl arachidonate 

20.4 

309.6d=0.000i (2) 

316.5 

317.3 


12.8 

306.1 ztO.eSOi (4) 




^Figures represent standard error for all determinations made with each fatty 
acid ester. 

^Numbers in parentheses indicate the number of determinations made on that 
sample. 

for a given sample is due to the fact that these titrations were made on 
aliquot parts of the same solution. Hence, this was actually a measure 
of the accuracy of the pipets and buret as well as the reproducibility of 
the end point. The submicro modification was also applied to a few 
samples of whole blood and plasma. The iodine numbers obtained fell 
within the range established by Wilson et al (5). 

With the materials used in this study, where 1 cm. length of the 
burette is equal to 2.72 cu. mm., the calculation for iodine number 
becomes 


Iodine Number = 


(cm. blank— cm. sample) (.00272) 
(normality of thiosuKate) (12.7) 

Weight of sample in g. 


Summary 

(1) A submicro modification of the Rosenmund-Kuhnhenn method 
for determination of the iodine value of lipids is described. 

(2) The iodine value is determined on samples of 10-100 y in size. 
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(3) The method was applied to oils, fatty acids, whole blood (total 
lipids) and plasma fatty acids and gave iodine values which were in 
agreement with values obtained by the Wijs method. 
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Introduction 

Previous reports (1-8) from this laboratory have included values 
for the amount of each of seven different B vitamins in meat and for 
the retention of six of these vitamins duiing different cooking pro- 
cedures. Although the significance of folic acid in animal nutrition is 
not completely known, suflBcient information is available to indicate 
that folic acid and related compounds are active in several different 
species, including man (9-18). We have, therefore, continued our 
studies to include folic acid and the results for this vitamin are reported 
in the present paper. 

Experimental 

The samples of meat used for the estimation of folic add were obtained from local 
meat markets, ground in an electric meat grinder and mixed thoroughly. Portions 
were placed immediately in dark-colored bottles and stored in a — 4®C. cold room. 
A few of the samples were analyzed immediately and reanalyzed at intervals of a 
few weeks to determine whether any loss of this vitamin occurred duiing storage. 
Since the values did not decrease no attempt was made to analyze all the samples 
immediately. The preparation of the samples of meat used and the methods of 
cooking and curing were described in earlier reports (1, 4, 5). 

The folic add determinations were made by the method of Teply and Elvehjem 
(19) using both Str&jplococms faecalis and l^ictobacillus casei as test organisms. 
Crystalline vitamin Bo^ has be^ used as the folic add standard throughout this 
work. 


’"Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. Supported in part by a grant from the National Livestock and 
Meat Board. 

1 Kindly supplied by Parke, Davis and Company. 
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TABLE I 


Fdic Add ConterU of Meats 


Sample 

Bo Potency 

Sample 

Bo Potency 

S faecalia 

L. 

S, faecaha 

L. ca«ei 


mgJlOO Q. 1 


mg, 1100 g. 

Veal 



Beef (cont.) 



leg 

.025 

.018 

chuck 

.016 

.011 

leg 

.029 

— 

chuck 

.015 

.010 

leg 

.033 

.018 

brain 

.013 

.012 

leg 

.021 

.013 

brain 

.011 

.012 

sirloin chop 

.031 

.022 

liver 

.060 

.086 

sirloin chop 

.014 

.013 

liver 

.150 

.105 

shoulder 

.026 

.017 

liver 

.044 

.056 

shoulder 

.026 

.018 

liver 

064 

— 

shoulder 

.016 

.012 

kidney 

.030 

.035 

shoulder 

.015 

.014 

kidney 

.043 

.056 

flank 

.021 

.016 

Lamb 






leg 

.012 

.011 

liver 

.040 

,051 

leg 

.0082 

.0064 

liver 

.052 

.051 







shoulder 

.0082 

.0068 

liver 

.039 

.048 

Pork 



liver 

.039 

.048 

ham 

.009 

.0078 




ham 

,012 

.0138 

kidney 

.031 

.045 




kidney 

.036 

.047 

ham 

.0135 

.0075 




ham 

.0067 

.0056 

heart 

.013 

— 




heart 

.012 

— 

ham 

.0088 

— 




loin 

.0069 

— 

Beef 






round 

.033 

— 

liver 

,063 

— 

round 

.021 

— 

liver 

.084 

— 

round 

.024 






rib 

.017 

.011 
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Several methods of hydrolyzing the tissues were used for the liberation of folic 
acid and it was found that incubation of the samples with takadiastase for 24 hours 
at pH 4.5 (20) gave the highest and most uniform folic acid values. This method has 
been used to liberate folic acid from rat livers (25) and Luckey et oZ. (21) have also 
found that takadiastase digestion was satisfactory for the hydrol 3 rsis of muscle 
tissues for folic acid analysis. Wright et al, (22) reported that takadiastase treatment 
increased the amount of folic acid liberated from rat tissues as compared with the 
values obtained for untreated samples. In the present work a 1 g. sample of tissue 
was homogenized by means of a Potter-Elvehjem homogenizer or Waring blendor 
prior to enzyme treatment. The folio add content of muscle and organ tissues is 
expressed as the Bo potency per 100 g. of undried meat (Table I). 

The percentage retention of folic add, cfdculated on the basis of the vitamin 
content of the entire cut of meat before and after cooking or curing, as described by 
Schweigert et at. (2, 4), is summarized in Table II. These figures were calculated 
on the basis of both the S, faeccdia and L. casei determinations. The drippings from 
the cooking tests were not available for assay, consequently only the percentage 
retention in the meat was determined. 

TABLE II 


Percentage Retention of Folic Add After Cooking and Curing Meats 


Type of meat 

Method of oookiiig 

Percentage retention of folio acid 

S. faecatia 

L. oawi 

Veal leg 

roasting 

26 

44 

Veal shoulder 

roasting 

27 

35 

Lamb leg 

roasting 

9 

22 

Lamb leg 

roasting 

23 

46 

Veal sirloin chop 

braMng 

10 

31 

Veal shoulder chop 

braising 

8 

10 

Veal fiank 

stewing 

9 

21 

Pork ham 

roasting 

19 

36 

Pork ham 

roasting 

16 

— 

Pork ham 

curing 

67 

65 

Pork ham 

curing 

65 

— 


Discussion 

As shown in Table I, the folic acid content of liver and kidney is 
considerably higher than that obtained for beef, pork, lamb or veal 
muscle. Ve^ muscle tissue and berf round were somewhat higher than 
the pork or lamb muscle tissues analyzed. The values obtained for 
veal muscle with L. casei were somewhat lower than those obtained 
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with S. faecalis. However, comparable values were obtained with both 
S, faecalis and L. casei for most of the other samples tested. Cheldelin 
and Williams (23) have reported somewhat higher folic acid values 
for a few muscle and organ tissues analyzed after a similar digestion 
procedure. Improvements in the basal media in the method of Teply 
and Elvehjem (19) that were used in the present work and the use of 
vitamin Bo rather than solubilized liver as a standard may account for 
the differences noted. 

The percentage retentions observed after cooking and curing meats 
are of the same magnitude as those reported by Cheldelin et ah (24). 
These workers reported from 5 to 40% retention of folic acid after 
frying and steaming pork loin or ham and veal chops. A 12% retention 
was observed after roasting mutton shoulder. In the present work 
from 8 to 27% of the folic acid was retained after roasting, braising 
and stewing procedui'es as measured by S. faecalis and from 10 to 
46% as measured by L. casei. The retention was somewhat higher in 
most cases when measured by the latter organism. A higher retention 
of folic acid was observed after curing pork hams than after cooking. 
Although the drippings from the cooking tests were not available for 
assay, it is doubtful if an appreciable quantity of folic acid was present, 
since this vitamin is very labile. 

The retention of the B vitamins after cooking and processing meats 
varies markedly. In previous work and in the present report it has 
been shown that choline, nicotinic acid and riboflavin are stable to 
cooking procedures and thiamine, biotin, vitamin Be and folic acid 
are more easily destroyed. 


Summary 

1. The folic acid content of muscle and organ tissues has been 
determined by the use of both S. faecalis and L. casei. 

2. Liver and kidney were found to be the richest sources of folic 
acid. Veal muscle tissue was somewhat higher than pork or lamb. 

3. From 8 to 46% of the folic acid was retained in the meat after 
cooking and 65% -was retained after curing pork hams. 
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Introduction 

The present report describes experiments on the pigmentation of a 
microorganism which were undertaken to gain, if possible, some insight 
into the mechanism of the biosynthesis of polyenes. For this purpose 
an intensely pigmented yeast, Rhodotorula (Torula) rubra, has been 
used. 

Previous studies on the formation of polyenes in higher plants have 
been mainly limited to investigations on the influence of nutritional or 
other environmental conditions. Light increases the amount of caro- 
tenoids in etiolated seedlings (20) but is not, in general, essential to 
the formation of carotenoids, e,g,, in carrots. Absence of oxygen or 
temperatures above 30°C. hinder the color development in the ripening 
tomato (22, 4, 21). Production of polyenes is genetically controlled in 
the tomato. Fruits carrying a certain dominant gene produce lycopene 
(and minor red pigments) as well as some yellow carotenoids. In con- 
trast, fruits homozygous for the recessive gene build up only the yellow 
pigments (13). 

Only scattered observations on tho factors influencing polyene formation in micro- 
organisms arc available. According to Fromageot and Tchang (7) the pigmentation of 
Bh^otorida Sanniei remains qualitatively the same within the temperature limits of 
14®C. and 28®C. Ledoror (12) found that light is needed for the full development of 
the Rhodotorula (Torula) rvbra pigments. The carotenoids of purple bacteria have 
most recently been investigated by van Niel and Smith (15), Karrer and Solmssen 
(11), Polg^r, van Niel and Zechmeister (17), and other authors (cf, 18). This field has 
been critically reviewed by van Niel (16). 


* Contnbution No. 1036. 
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It is well known that many biochemical reactions are controlled by specific genes. 
In Neurosporaj Beadle and Tatum ( 2 ) and Beadle ( 1 ) have established the genetic 
control of the biosynthesis of numerous compounds. Mutation of an individual gene 
leads to alterations in the ability of the organism to carry out a specific chemical 
process. 

The artificial production of mutants has been accomplished by a 
number of different methods, for example, by ultraviolet irradiation 
(5; cf. 3). By the use of this technique we have obtained seven mutant 
strains of Rhodotorula varying in color from red through brownish- 
yellow to white. The composition of the polyene formed by the 
original strain as compared with those of the mutant strains was 
then studied by chromatographic analysis. 

Theoretical 

Tlie composition of the Rhodoionda rubra pigments depends on the particular 
strain and on cultural conditions and, for this reason, earlier investigators have ob- 
tained somewhat varying data. All agree, however, on the presence of two compon- 
ents, viz,y the intensely red torulene, C^HfigOj, and the orange jS-carotene, CioHge, 
both isolated from the organism in pure form by Lederer (12). This investigator 
further detected a labile polyene hydrocarbon pigment and a carotenoid of acid 
character. His observations were, on the whole, confirmed by Fink and Zenger ( 6 ) 
who were, however, unable to obtain the acid pigment in all cases. An important 
study of a variety of Rhodotorula Sanniei was reported by Fromageot and Tchang 
(7). In chromatographic experiments these authors resolved the pigment into one 
acid and seven neutral components, three of the latter occurring only in traces. The 
four major hydrocarbon-carotenoids were identified as lycopene, jS-carotene, 7 -caro- 
tene and torulene, of which the two latter were obtained in crystalline form. The acid 
pigment is probably identical with that found by Lederer (12) in Rhodotorula rubra. 
According to Fromageot and Tchang, cultures grown with glycerol as a carbon source 
produce more intense pigmentation than cultures grown with glucose (in the presence 
of vitamin Bi). Recently, Karrer and Rutschmann (10) have carried out large scale 
experiments with Rhodotorula. They were successful in isolating the acid pigment in 
crystalline form, and named it “torularhodin” (probably, CjrHigOa). It constituted 
the main pigment in their material as it was in that of Fromageot and Tchang (7). 

In our cultures no carotenoids with acid character occurred in any 
marked quantity. The extracted Rhodotorula pigment was resolved on 
the Tswett column essentially into four fractions, viz., torulene (about 
76% of the total carotenoids); j8-carotene, QoHst (11%); y-carotene, 
CmHs, (9%); and an unidentified carotenoid, “pigment A” (4%). 
When partitioned between 90% or 95% methanol and petroleum ether, 
all these pigments show epiphasic behavior. In each of our colored 
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mutant strains, the same four principal pigments were found as 
mentioned above for the original culture. In only one mutant (II) did 
an additional pigment (“B”) occur in moderate quantities (11%). 
This pigment may possibly be present also in traces in other mutants. 

The results of the quantitative chromatographic resolution of the 
respective pigment mixtures and the corresponding spectral data are 
summarized in Tables I-II. 


TABLE I 


Apprommaie Qmntitiea of Individual Polyenes Contained in 
Phodoiorula Rubra Mutants 

(The figures give mg. of polyene/100 g. of dehydrated yeast)* 


Mutant 

Maoroscopio 
color of tne 
culture 

Toiu- 

lene 

Figment 

“A** 

7 -Caro- 

tene 

Fluent 

jS-Caro- 

tene 

Phyto- 

fluene 

Sum of 
polyenes 

Original 

red 

5.2 

0.40 

0.74 

... 

0.76 

0.63 

7.73 

Original 

red 

5.2 

0.16 

0.55 

— 

0.71 

0 75 

7 37 

VII 

red 

6.4 

0.44 

2.1 


1.3 

1.1 

11.34 

IV 

red 

6.6 

0.56 

3.1 

— 

2.4 

1.2 

13.86 

VI 

red 

6.0 

0.51 

2.2 

— 

2.0 

1.3 

12.01 

II 

brownish- 

orange 

0.30 

0.88 

2.9 

0.60 

0.95 

0.75 

6.38 

I 

pale orange 

0.16 

0.22 

0.80 

— 

0.64 

1.0 

2,87 

III 

colorless 

0.02 

— 

— 


— 

— 

0.02 

V 

colorless 

— 

— 

— 

— 

— 

— 

0 


* The pigments are listed in the order of decreasing adsorption affinity. Figments 
“A” and “B" were evaluated as “os-carotene”. The quantity of torulene was esti- 
mated on the basis of an extinction curve given by Lederer (12). The value employed 
for torulene in hexane at 484 mju. is, Ex^ = 16.0 X 10*. 

Table I shows that, in those mutants which are visibly much less 
colored than the original, this is due primarily to restricted torulene 
s3mthesis. For example, the brownish-orange mutant II contained 
roughly as much total pigment as the original strain but produced only 
fy as much torulene; the absolute quantities of all the other pigments 
were increased in this case. 

Table II includes some data concerning phytofluene. This colorless 
polyene-hydrocarbon with isoprenic structure (perhaps C^oHei) is 
characterized by a typical spectral curve and, in ultraviolet light, by 
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TABLE II 


Sj^ectral Characteristics of the Polyenes Observed in Rhodotorula 

(The figures in parentheses are those observed on addition of iodine. In the 
spectrophotometer readings, italicized wave lengths designate the maxima) 


Pigment 

Visually observed maxima 

Maxima and minima observed 
in the Beckman 
spectrophotometer 


inCSi 

in petroleum ether 

in petroleum ether 


(m/*) 

(mju) 

(him) 

Tonilene 

564, 522, 488 

520, 486, 454.5 
(517.5, 484, 452) 

519, 505, 4^6*, 466, 460 

7 -Carotene 

532.5, 496, 460 

495, 461.5, 433.5 
(492, 458.5) 

49S, 479, m, 444, 437 

j3-Carotene 

519, 484, 452 

485, 453, 

(483, 450) 

480, 469, 4^5 

Pigment “A” 

503, 470, 440 

469.5, 441.5 
(468.5, 439) 

470,457, 440, 4.2B,41B 

1 

Pigment “B” ! 

455, 424 

425.5 

434, 411, S99, 386, 377 

Phytofluene 

— 

— 

367, 358, 348, 338, 333 


an intense greenish-grey fluorescence of its solutions or adsorbates (23) , 
Phytofluene which appears to be involved in carotenoid biosynthesis 
(24) is common in higher plants where it was found particularly in 
carotenoid-rich but chlorophyll-free tissues. The samples of baker’s 
yeast investigated did not contain the compound. The present experi- 
ments show that considerable quantities of phytofluene occur in those 
Rhodotorula cultures which produce substantial amounts of pigment. 
Thus, as is shown in Fig. 1, the presence of chromophores of very vary- 
ing length can be demonstrated in the red yeast. 

In such mutants as those (III, V) in which the pigment synthesis is 
completely (or practically) blocked, no phytofluene was found. How- 
ever, the biosynthesis of carotenoids was accompanied by the formation 
of phytofluene (mutants I, II, IV, VI, VII). The pale-orange mutant I 
contained less than ^ as much total pigment as the original strain but 
contained noticeably more phytofluene. These data may be interpreted 
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on the assumption that phyiiofluene is an intermediate in pigment bio- 
synthesis, and that it may accumulate to a limited extent when the 
process leading to its conversion to pigment is partly blocked. Final 
evidence as to the participation of ph 3 rtofluene in pigment synthesis 
is not given by the present experiments. 



Extinction Curves (in Petroleum Ether) of the Chromophores 
Biosynthesized by Bhodoiorula rubra and Some Mutants 

, Tonilene; — •• — , 7 -Carotene; , i3-Carotene; , Pigment A; 

. . . Pigment B; and , Phytofluene 


Our mutant strains fall then into three categories, (a) In the strains 
IV, VI and VII, the total polyene accumulation is greater than in the 
original; whereas the torulene content is increased only 15-25%, the 
carotenes increased by 2-4 times. (6) In strains I and II the amounts 
of the yellow carotenoids are normal or above normal but the red 
pigment content is greatly diminished, (c) Finally, in III and V not 
more than negligible traces of any pigment are formed. 

In the colorless mutants it would appear that a basic general process 
leading to pigment formation (possibly the production or conversion 
of an unknown precursor) has been interfered with in an early stage. 
On the other hand, in mutants I and II the production of a specific 
pigment is checked while that of the others remains unimpaired. These 
features may be tentatively summarized as follows: 
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Blocked in mutants Largely blocked in 
III and V mutants^ I and II 

: I — ^ — ►Torulene (red) 

Unknown precursor (s) > (Phytofluene) — 

i I and 7-carotene, etc. (j’-ellow) 

Mutants, IV, VI and VII, in which the total pigment level is above 
the noiTial, cannot be interpreted in any simple way at the present 
time. 

Experimental 

Nutrient Medium. Stock culture of the red yeast were maintained 
on potato agar, on which it grew abundantly. Preparatory to further 
work, an investigation was made of the nutrient requirements of the 
organism. A known medium having the composition shown in Table 
III supported excellent growth. Thiamin, which is a growth factor 

TABLE III 

Composition of the Nutrient Medium Used for the CuUimtion of Rhodotorula. 


Component 

Amount 

KHjP04 

1.0 g. 

MgS04-7H40 

0.5 g. 

NH 4 NO, 

0.05 g. 

Asparagine 

0.5 g. 

Sucrose 

50.0 g. 

Agar 

20.0 g. 

FeS04-7Hz0 

0.01 g. 

Minor elements' solution' 

1.0 ml. 

Pyrex-redistilled water 

1 liter 


1 This solution contained per 100 ml: MnS 04 , 2.0 g.; ZnS 04 , 0.22 g.; CUSO 4 , 0.08 
g.; MoOj, 0.02 g.; HjBOj, 2,9 g. 

reported to be required by strains of Rhodotorula (19) and by some 
other yeasts, was found to be without influence in this case. Yeast 
extract (Difco) was likewise without specific growth-promoting effect 
and the present strain is, therefore, not dependent on an external supply 
of growth factors. The addition of asparagine to the medium resulted 
in better growth than did the inclusion of ammonium nitrate as the 
sole source of nitrogen. 

Rhodotorula cultures grown in the dark produce only little pigment 
and appear pale pinkish, whereas similar cultures allowed to develop 
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in light are intensely red (12). All cultures were allowed to develop in 
diffuse daylight, although the above observation of Lederer was not 
in general confirmed with our strains. 

Itukiction of Mutations. Mutations were induced by irradiation of cell suspensions 
with ultraviolet light. For this purpose a small quantity of yeast was removed from a 
stock culture and suspended in sterile water of a volume sufficient to yield a concen- 
tration of ca. one thousand cells per ml. The suspension was then transferred to Syra- 
cuse dishes, 1 ml. per dish. These dishes were exposed to the radiation of a 20 inch 
quartz mercury vapor lamp (Westinghouse “sterilamp”) at a distance of approxi- 
mately 5 cm. During the exposure time of 4 minutes the thin layer of cell suspension 
in each dish was agitated with a sterile glass rod to increase the uniformity of exposure 
of individual cells. After this exposure, the 1 ml of suspension in each dish was plated 
out in the synthetic medium. The conditions used resulted in the growth of 10-20 
colonies per plate, corresponding to a survival of only 1-2% of the original cells. 
When the colonies had attained a diameter of 1-2 nun., the plates were inspected for 
the appearance of colonies having colors different from the parent strain. Of the 
aberrant colonies only those which appeared indistinguishable from the parent in 
microscopic morphology and in colony form and growth characteristics were taken 
for further work. From 600 exposed plates, or roughly 9000 individual irradiated cells, 
seven new strains differing in color from the original were obtained which varied from 
red through yellow to completely colorless. Each strain as it was found was subjected 
to two consecutive plating out procedures. 

No genetic test to establish the mutant nature of these strains unqualifiedly can be 
made in Rhodbtorula, and the suspicion that the aberrant strains might represent 
chance contaminants unrelated to the original strain could be entertained. The close 
resemblance of each aberrant strain to the original in morphological and cultural 
details as well as the conditions under which the aberrant strains were obtained lead 
us, however, to refer to these seven strains as mutants. 

Mass Cvltures. Various methods for the production of large quantities 
of cells were investigated. Variable growth, with generally poor pig- 
ment formation, occurred in aerated liquid cultures whereas uniformly 
well-pigmented cultures were obtained on agar medium. As culture 
vessels pint wine flasks of the fiat whiskey type were used. Each flask, 
containing 70 ml. of medium, was placed flat so as to provide the 
maximum culture surface. The flasks were inoculated with a heavy 
suspension of the desired strain and incubated at 23— 24®C. under sterile 
conditions. The original and the seven mutant strains were placed in 
randomized blocks and the flasks were shifted in position at weekly 
intervals to minimize possible inequalities in illumination. Two main 
experiments were carried out with 20 and 40 flasks for each strain, 
respectively. The cultures were grown for 20 to 40 days before harvest. 
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Extraction of the Polyenes, The yeast was scraped from the agar by 
means of a glass spatula. The agar should not be scratched and, if it is 
soft, ice cooling is recommended. The material (about 100 g.), ob- 
tained from 40 bottles, was mixed and its dry weight determined in an 
aliquot sample (Abderhalden apparatus, boiling acetone, 0.1 mm. 
pressure). The main bulk of the wet yeast was ready for the extraction. 
It is, however, difficult to achieve complete removal of the polyenes 
by current methods. For example, when the culture is rubbed with sea 
sand in a mortar, in the presence of methanol and petroleum ether, 
only a fraction of the pigment passes into the solvents. Satisfactory 
extraction can be obtained after a thorough destruction of the cell 
walls with strong alkali as follows. 

The material was treated in a 500 ml. glass-stoppered Erlenmeyer flask with 200 
ml. of 20% methanolic KOH and 100 ml of benzene and was shaken mechanically 
for 1-1.5 hours, whereby a thick suspension of yeast material appeared. As the 
material stood for 1 5-20 hours, this emulsion separated but reformed on brief shaking. 
The emulsified liquid was then centrifuged in two 250 ml. bottles for a few minutes 
(International Centrifuge, Size I, Type SB; 2000 r.p.m.). Three layers appeared; the 
colored benzene solution at the top, followed by methanolic alkali while the yeast 
residue remained at the bottom (in some cases the yeast floated in the middle). The 
benzene solution was pipetted out and the remainder re-extracted twice with fresh 
benzene (20 min. of mechanical shaking, then centrifuging). After this treatment the 
Rhodotorula residue appeared colorless. 

The pigment solution (300-400 ml.) was divided into four parts 
using 250 ml. centrifuge bottles. On addition of 1 vol. of water a thick 
emulsion appeared from which the benzene layer could be separated 
in the centrifuge. This emulsion was extracted with fresh benzene. 
The combined pigment solution no longer showed a tendency to form 
emulsions in the presence of water. It was washed alkali-free in a con- 
tinuous apparatus (13), dried with sodium sulfate and evaporated to 
dryness in vacuo in the presence of a slow stream of nitrogen. To free 
the residue entirely from benzene, the evaporation was repeated after 
addition of petroleum ether (b.p. 60-70®). The residue was oily,^ 

Separation of the Pigments and of Phytofluene, The above-mentioned 
oil was dissolved in 20 ml. of petroleum ether and adsorbed on a 17 X 
1.9 cm. column, composed of 4 parts of calcium hydroxide (Shell 

' It is not advisable to repeat the saponiflcation at this stage. While such an opera- 
tion would remove most of the oil, the losses caused by emulsions (which prevent 
extraction of the pigment) would be heavy. 
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Brand lime, chemical hydrate, 98% through 325 mesh) and 1 part of 
alumina (Alorco, Grade F, minus 80 mesh). When such a column is 
developed with petroleum ether containing 7.5% acetone, jS-carotene 
and phytofluene, mixed with large amounts of oily impurities, are 
washed down into the filtrate while the other pigments form a well 
defined chromatogram (Table IV). Each zone was eluted with alcohol. 
After a transfer with water into petroleum ether it was ready for 
examination in the Zeiss grating spectroscope (visual) and the Beck- 


TABLE IV 

Characteriatic Chromatograms of Resolved Pigment Mixtures 
Obtained from Some Rhodotorula Mutants 

(/ 3 -Carotene and phytofluene were contained in the chromatographic filtrates, except 
Mutanli III. The figures denominate the width of the zones, in millimeters, 
on a calcium hydroxide-alumina column, 17 X 1.9 cm.) 


Original (red) 

30 pale pink (traces) 

15 dark red (torulene) 

6 red (neotorulene) 

8 pale yellow (pigment A) 
30 colorless 

30 orange (7-carotene) 


MutarU VII (red) 

30 pale pink (traces) 

10 dark red (torulene) 

10 red (neotorulene) 
10 yellow (pigment A) 
22 orange (7-carotene) 


MutarU IV (red) 

20 pale pink (traces) 

12 dark red (torulene) 

5 red (neotorulene) 

8 yellow (pigment A) 

30 colorless 

35 orange (7-carotene) 

Mutant II (brownish-orange) 
10 almost colorless (traces) 

5 dark red (torulene) 

5 colorless 
4 red 
1 colorless 
12 yellow 
25 orange 
50 colorless 
15 pale yellow 


Mutant VI (red) 

30 pale pink (traces) 

10 dark red (torulene) 

4 red (neotorulene) 

6 yellow (pigment A) 

20 colorless 

20 orange (7-carotene) 

Mutant I (orange) 

24 almost colorless (traces) 

10 dark red (torulene) 

6 pink (neotorulene) 

3 colorless 

16 yeUow (pigment A) 

10 colorless 

20 orange (7-carotene) 


(neotorulene) 

(pigment A) 
(7-carotene) 

(pigment B) 


MutarU III (colorless) 
20 colorless 

3 light pink (torulene) 
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man photoelectric spectrophotometer. Such an examination was 
repeated after the corresponding pigments, as obtained from different 
mutants, were combined and rechromatographed to eliminate minor 
contaminants. 

The chromatographic filtrate containing jS-carotene and phytofluene 
was evaporated and the residue submitted to the same alkaline treat- 
ment as described above. This resaponification process was so effective 
that a sharp chromatogram could be obtained under the conditions 
described but using petroleum ether with only 2% acetone as a de- 
veloper. Below minor top zones a broad jS-carotene zone appeared 
followed by phytofluene, the adsorbate of which fluoresced strongly 
in ultraviolet light. These fractions were eluted and submitted to 
spectroscopic study. 

Identification of the Polyenes. The pigments studied were character- 
ized by their spectra (Table II). In the case of phytofluene the ad- 
sorption behavior and the very typical extinction curve were conclusive 
(maxima at 367, 348, 322 m/x in hexane). Torulene showed in benzene 
the visually observed maxima: 537, 499.5, 466.5 m/x- 

Spectroscopically and chromatographically corresponding pigments 
obtained from different mutants were shown to be identical by mixed 
chromatogram tests. Furthermore, 7- and jS-carotene were mixed- 
chromatographed using authentic samples which originated from other 
sources. All polyenes occurring in the Rhodotorula showed an entirely 
epiphasic behavior. 

“Pigment A” possesses maxima at shorter wave lengths than 
a-carotene, but its adsorption affinity surpasses even that of 7-caro- 
tene. Its maxima in CS2 would correspond to those of /S-carotene- 
diepoxide as described by Karrer and Jucker (9) but we were unable to 
reproduce with our material the wave length shift of the maxima upon 
a treatment with HCl-containing chloroform. With regard to “Pig- 
ment B’’ it should be noted that the exceptionally short wave lengths 
of its maxima in CS2 (Table II) lie near those reported by Karrer (8) 
for auroxanthin. Nevertheless, no identification can as yet be claimed 
in this case either. 
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Summary 

A red j^east, Rhodotorula rubra, was induced by ultraviolet illumina- 
tion to mutate and the polyene mixture extracted from each of seven 
mutants was submitted to chromatographic analysis. The colored 
mutants contained torulene, 7-carotene, jS-carotene and an unidentified 
pigment in different proportions, while the macroscopic color of the 
cultures varied from intense red to colorless. All pigmented mutants 
also contained ph3rtofluene, a colorless strongly-fluorescing polyene, 
possibly a precursor of carotenoids. The biogenesis of the yeast 
polyenes is discussed. 
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Introduction 

The method of dehydration and manner of packaging and storage 
may greatly modify the desirability of a dehydrated food. The de- 
hydration process itself should yield a product which, when recon- 
stituted with water, is as close as possible to the fresh product in ap- 
pearance, taste, and nutritive value. Proper packaging and storage of 
the product should minimize the loss of these qualities. One approach 
to the storage problem is to find out what happens when a dehydrated 
food is kept under conditions which accelerate the deteriorative 
changes. Accordingly, a study was made of samples of dehydrated 
carrots stored under adverse conditions. The experimental details to 
be given are those of assay number 8 reported briefiy in another 
paper (1). 


Experimental 

Commercial dehydrated carrots were stored under a variety of con- 
ditions as part of a comprehensive experiment. The samples considered 
here contained 6% moisture and were packed in No. 2}4 friction- 
sealed tin cans. Cans were removed periodically for sampling and 
analysis. Two series of samples were selected for further study. One of 
these, stored at dS^F., showed the usual rate of carotene destruction 

^Western Begional Besearoh Laboratory, Albany, California, Bureau of Agri- 
oultural and Industrial Chemistry, Agricultural Besearch Administration, U. S. 
Department of Agriculture. 

* Present address: Northern Begional Besearch Laboratory, Peoria, Illinois. 
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as judged by chemical analysis, while the other, stored at 120°F., 
revealed less destruction of carotene. 

The carotene content of the samples examined was determined by 
chromatographic analysis of the pigments and subsequent spectro- 
photometric determination as previously described (2). 

It was previously reported by Beardsley, Prindle and Stevens (3) 
that storage at 98®F. and 70®F. showed no consistent effect of tempera- 
ture on stability of carotene, and Heberlein and Clifcom (4) found that 
storage temperatures of 98®F. and 130®F. were detrimental to caro- 
tene. However, for the particular samples discussed herein, storage 
above 98°F. (120®), instead of hastening the destruction of carotene, 
appeared to retard or stop it, as shown in Table I. Other characteristics 


TABLE I 

Change in Carotene Content of Dehydrated Carrots During Storage 


Storage Time 
Days 
0 
125 
254 
426 


Carotene content with storage at 


98°F. (sample No. 18) 
mgJlOO g, 

111 

100 

84.5 

69 


120®P. (sample No. 12) 
mg.llOO g. 

Ill 

105 

107 

94 


of the dehydrated carrots had changed and the degree of change was 
greater at the higher temperature. The carrots had darkened greatly, 
they had a molasses-like odor and the taste bore no resemblance to 
that of carrots. Although the chromatographic adsorption-spectro- 
photometric method of analysis was considered to be specific for caro- 
tene, it was deemed advisable to test this anomalous preservation of 
carotene at elevated storage temperatures by bioassay. This was done 
on two samples stored for 425 days at 98®F. and 120®F. 

The biological availability of the carotene was estimated by the 
growth response of vitamin A-depleted rats as described previously 
(1). The positive control rats for the bioassay received a standard 
supplement consisting of S.M.A. crystallized jS-carotene dissolved in 
cottonseed oil. This standard was fed at three levels. All other supple- 
ments were fed at four levels. Two solutions of the standard were 
used: one of low concentration and the other containing five times as 
much carotene. In this manner the volume of oil was not excessive for 
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those animals receiving the larger amounts of supplement. This pre- 
caution was deemed advisable to avoid the possibility of unduly favor- 
ing the absorption of carotene. The carotene for the standard was 
weighed and dissolved in petroleum ether; cottonseed oil was added, 
the petroleum ether was removed by vacuum and the solution was 
made up to volume with oil. The concentration of carotene in the 
final solution checked spectrophotometrically (a 436m(i = 199) (6) 
with the value obtained by weight. 

Each sample of dehydrated carrots was ground and divided into 
two parts. One pait was subdivided into a number of vials and stored 
at — SO^F. A fresh vial was used each week for the supplementary feed- 
ings in the bioassay, the vial being kept in the freezing compartment 
of a kitchen-type electric refrigerator for the three days between sup- 
plements. The other portion of each sample was extracted with acetone. 
This extract was purified by chromatographic adsorption on dicalcium 
phosphate and analyzed spectrophotometrically. The extract was 
added to cottonseed oil in the manner previously described for the 
standard so as to give known concentrations as determined by spectro- 
photometric analysis. Two concentrations of each extract in cotton- 
seed oil were used as described for the standard. The five supplements 
fed to the rats were, then, the standard |3-carotene in oil, solid samples 
No. 12 and No. 18, and oil solutions of the extracts of these samples. 

The results of the assay with standard errors of the means are shown 
in Table 11. The chemical determination showed a much greater re- 

TABLE II 

Carotene in Stored Dehydrated Carrots 



Storage 

Dried Product 
as received 

Extract of Product 

Pi’oduct 

temp. 

Bioassay 

Chemical 

Bioassay 


^F. 

tng.llOO g. 

mg. ! 100 g. 

mgJlOO g. 

Sample No. 12 

120 

27dr3.8 

94 

81±9.6 

Sample No. 18 

98 

23=b3.5 

69 

60dh7.1 


tention of carotene at 120®F. than at 98®F. The bioassay of the ex- 
tracts gave values which, while slightly lower, were well within the 
experimental limits of the assay. That is, the bioassay agreed with the 
chemical assay when extracts of the samples were used. However, with 
the dehydrated material, growth of the animals indicated that only a 
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third, or less, of this carotene was being utilized. The differences be- 
tween the results on the dehydrated products and those on the ex- 
tracts are highly significant as shown by the standard errors of the 
means. 

During the course of the assay it was noted that the animals on the 
lower dosages of dry supplement were responding more poorly than 
would be expected as judged by the rats receiving greater amounts of 
the same materials. In the calculations this difference became even 
more noticeable. Table III presents the slopes of the log dose-response 


TABLE m 

Slopes of Log Doso-Besponse Curves 
Solid Supplement Oil Supplement 



Male 

Female 

Male 

Female 

Standard 

— 

— 

41.2 

18.9 

No. 12 

70.7 

41.9 

42.4 

15.5 

No. 18 

86.4 

32.9 

45.6 

23.1 

Mean 

78.5 

37.4 

43.1 

19.2 


curves. The greater slopes found for the animals receiving the solid 
supplements indicate poorer utilization, especially at the lower dosage 
levels. If the data from rats on the lowest dosage levels of solid supple- 
ment were eliminated from the calculations, the slopes of the curves 
would more nearly approach those for the oil supplements. Despite 
the anomalous behavior of these rats, their inclusion in the calcula- 
tions did not affect the carotene values substantially and therefore the 
calculations were based on data from all of the animals. 

Discussion 

It might have been anticipated that the rate of carotene destruction 
would have been accelerated at elevated temperature. That the oppo- 
site was true in these particular instances was a most unexpected, and 
perhaps exceptional, finding. It is possible that the protection of the 
carotene was indirect. The high temperatures caused discoloration 
(caramelization or aldehyde-amine reaction) of the dehydrated car- 
rots. Any reducing substances formed (e.g., reductones) may have acted 
as antioxidants, protecting the carotene from destruction. 

A comparison of the chemical method of estimation of carotene 
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with the bioassay procedure indicated that: (a) the extracts contained 

carotene in the amounts indicated by the chemical method that 

is, the bioassay and the chemical methods agreed as well as could be 
expected; and (b) the solid material definitely did not give rats the 
protection that might have been expected on the basis of carotene 
content. Although the carotene of freshly dehydrated carrots may not 
always have the high biological availability of the carotene in raw 
carrots, we have never found the availability to be as low as it was for 
the high-temperature-storage products. The high temperature has 
modified the physical characteristics of the carrots so as to prevent 
complete absorption of the pro-vitamin, or else the carotene has been 
converted to one or more isomeric forms having Jower vitamin A 
potency. If the latter interpretation is correct the solvent extraction 
procedure must permit reconversion of the carotene to the isomer of 
greater biological availability. 

From a nutritional point of view the most significant conclusion to 
be drawn from the results reported in this and the preceding paper (1) 
is that the biological availability of the carotene as measured by bio- 
assay is more important than the carotene content of a product as 
revealed by a chemical analysis. This conclusion is in harmony with 
the point of view expressed in a recent editorial (6) summarizing studies 
on the availability of iron by Sherman, Elvehjem and Hart (7) and 
Nakamura and Mitchell (8), of calcium by McCance and Widdowson 
(9), and of thiamine by Parsons, Williamson and Johnson (10), 

Summary 

Dehydrated carrots stored at 98“F. and 120®F. in an atmosphere of 
COs were changed so as to be imacceptable as a food from an aesthetic 
and organoleptic point of view, but the carotene content was not 
lowered at 120®F. as much as it was during storage at 98®F. or lower. 

It is suggested that the partial destruction of the carrots at the ele- 
vated temperature created conditions unfavorable to the oxidation of 
carotene. 

The speetrophotometric analysis and the bioassay of the extracts of 
these products agreed quite well. However, when the solid material 
was used for bioassay, less than one-third of the contained carotene 
was available to the rat. 
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Intboduction 

During the last few years considerable attention has been given to 
the chemical determination of carotene in fresh and dehydrated 
vegetables, especially carrots, and to the bioassay method for evalu- 
ating the vitamin A potency of these materials. Much painstaking 
effort has been expended in trying to discover the cause or causes of 
the apparent discrepancy found at times between the chemical and the 
bioassay methods. The data presented in this paper indicate that each 
method is fundamentally sound. When properly applied, the chemical 
method measures the amount of carotene present. And also when 
properly applied, the bioassay method measures the biological availa- 
bility of that carotene as a source of vitamin A. We should not expect 
the two methods to agree where conditions of processing or storage 
may decrease the availability of the carotene present. This paper 
presents evidence suggesting this view. 

The use of crystalline /3-carotene as the international standard for 
the biological assay of vitamin A activity is based on the fact that 
certain carotenoids, especially a- and |8-carotene, can be converted to 
vitamin A by the animal body. However, it does not follow that 
ingested carotene is always and quantitatively changed into vitamin A. 
There are many opinions as to how successful this conversion may be, 
and there exist numerous ways of modifsdng the form of the supplement 
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or type of diet to change the availability of the provitamin. In general 
it would seem that the majority opinion is as follows: Absorption of 
carotene is more nearly quantitative with low than with high intakes. 
Carotene dissolved in vegetable oil is more readily available than it is 
when in its natural dispersion in solid foods. A low-fat diet decreases 
the absorption of cai’otene. The widely divergent values reported in 
the literature for availability of carotene are probably due in part to 
differences in: (a) species (rat, chicken or man), (b) amount of supple- 
ment, which has varied from minute amounts to “lavish” intakes, 
(c) type of diet, the diet frequently not being specified, or else de- 
scribed as “adequate,” (d) form of supplement, such as carotene in 
oil, or in water suspension, or in any one of a variety of natural products 
containing more or less pro- or anti-oxidants (e.gf., vitamin E), and 
(e) criteria on which judgment is based. 

Illustrative of the effect criteria of judgment may have upon the conclusion 
reached is the concept that absorption is the difference between intake and output 
of carotene. This assumes that there is no destruction of carotene in the alimentary 
tract, and is supported by evidence that carotene mixed with feces and incubated 
can be recovered completely (1). Such data in turn assume that the methods for 
the estimation of the carotene are adequate, and this is probably not always the 
case. This was shown by Kemmerer and Fraps (2), who found yellow non-carotene 
pigments in feces. These workers showed later (3) that the pigment was not adsorbed 
by magnesium hydroxide under conditions which did cause adsorption of carotene 
and they suggested that this might be an aid in the estimation of carotene in feces. 

During the course of the work reported in the present paper, feces were collected 
daily for a week from three gi’oups of rats: negative controls receiving no carotene 
supplement, positive controls given four international units of carotene per rat 
daily, and assay animals receiving a daily supplement of six mg, of dehydrated 
carrot per rat. The feces were stored in nitrogen at about 0®C. and analyzed as soon 
as possible after the period of collection was completed. The pigment was extracted 
from the feces and subsequently adsorbed on dicalcium phosphate as described in 
the analytical method for the determination of carotene in vegetables (4). The 
absoiption spectra of “carotene” solutions thus isolated from the rat feces wer<‘ 
characterized by a broad continuous band which decreased in density with increasing 
wave length. Superimposed upon this broad band were slight absorption maxima 
characteristic of carotenoids. Therefore, if carotene in feces is estimated by yellow 
color alone, the reported excretion will be higher than the true values and carotene 
absorption will be judged to be poorer than is actually the case. The amount present 
was too small to permit quantitative estimation. 

Absorbed carotene vriU cause a measurable response in an animal 
depleted of vitamin A. This fact is the basis of the bioassay method 
for the evaluation of the vitamin A activity of the carotenoids. The 
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absorbability of carotene in raw and dehydrated carrots, for example, 
can then bo measured l)y the bioassay method, provided the amount 
of carotene ingested is known and the amounts fed are kept at the 
low level rcciuired for assay of vitamin A potency. The use of the 
bioassay method for studying carotene absorption has the advantage 
that absorption is measured over a period of weeks on a large number 
of animals, and that conditions can be kept fairly constant throughout 
the assay and between different assays. The method has the disad- 
vantage of being expensive, time-consuming and of being limited to 
sub-optimal intakes of the provitamin. 

During the last several years the Western Regional Research Labo- 
ratory has been developing effective methods of dehydrating vegetables 
and of packaging and storing the dehydrated materials so avS to give 
satisfactory products. Some of these products have been given to the 
Pharmacology Laboratory of the Bureau for bioassay as a check on 
the chemical analysis, or at least as a measure of the biological availa- 
bility of the carotene. The present report deals with the results obtained 
on fresh and dehydrated carrots, and on certain other dehydrated 
vegetables. 

Methods 

The biological availability of the carotene was estimated by the 
growth response of vitamin A-depleted rats. The method was essen- 
tially that described by Coward (5). The vitamin A-free diet previously 
described (6) was modified to include yeast (eliminating the daily 
administration of a yeast supplement), and to exclude agar, giving 
the following composition: vitamin A-free casein, 20.8; cornstarch, 
64.6; salt mixture (U.S.P. No. 2), 2.4; dried browsers' yeast (Anheuser- 
Busch strain (1), 7.5; hydrogenated vegetable oil (Crisco), 4.7; Vi- 
asterol, 0.024. The supplement for the positive controls was crystalline 
carotene dissolved in cottonseed oil. In the first 7 assays, the carotene** 
was a mixture of 80-85% jS-carotenc and the rest a-carotene, in such 
concentration as to give 1 I.U. in each drop of solution, assuming 
that each molecule of a-carotene equaled one molecule of vitamin A, 
and that a molecule of |3-earotene became two molecules of the vitamin. 
For assay 8, a solution of pure jS-carotene was used,® Since the control 
and experimental rats received the same basic diet containing adequate 

* Obtained from National Research Associates, Inc., South Whitley, Indiana. 

* S. M. A. Corporation pure i5-carotene. 
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amounts of tocopherol, the effect of this vitamin on carotene absorption 
as discussed by Hickman (7) is not a source of error. All caiTOt supple- 
ments were kept under nitrogen at O^C., the dehydrated samples 
being ground to a powder and stored as above at the start of the assay 
period. The supplements, both positive control and unknown, were 
fed twice weekly for a 5-week period, at three or four levels of intake 
to groups of rats containing 8 or 9 animals each (11 in Assay 8). 
The animals were divided as to sex, litter and size at the start of the 
assay period, so as to make the groups as uniform as possible. Calcu- 
lations of the dosage-response cuiwes were made separately for males 
and females and the results weighted, according to the number of 
animals, to give the final values. 

The standard error of the mean w’as always calculated for bioassay 
values. The variability of the chemical assay was not determined 
routinely, but was not more than 3% in the least-favorable mateirals 
tested. This percentage is considerably under the variation in bioassay, 
so that for aU practical purposes the standard error of the mean for 
bioassay can be considered as the standard error of the difference 
between the chemical and the bioassay methods. If the difference 
amounted to at least 3 times the standard error, the difference was 
considered significant. This ratio of difference to standard error is 
given in the last column of Tables I and III. 

Results 

Carrots. The data on carrot products are presented in Table. I In 
all cases (except Assay 1) treatment of the carrot by blanching or 
dehydration appeared to increase the carotene content considerably 
over the value found for the raw carrot, as judged by chemical analysis. 
The cause of this appai-ent increase (amounting to 5-35%) during 
the process of dehydration has recently been ascribed to the loss of 
soluble solids in certain of the processmg steps of washing and blanch- 
ing (8). If any losses of carotene took place during blanching and 
dehydration they were obscured by the loss of soluble solids. 

Assay 1 has been reported previously (6), although calculations 
were not on the basis of dry weight, as is the case ia this paper. In 
Assay 2 the chemical and bioassa 3 ' methods indicated an increased 
carotene content after dehydration, and a still higher value when 
blanching (i.e., pre-cooking) preceded the dehydration. 



TABLE I 


Carotene Content of Carrot Products 


el 0 

Tyi>e of prcwluft 

Carotene mg./lOO 
g. dry wt. 

Bioassay 

XlOO 

Varia- 
bility of 
bioassa3'^ 
10^ 

X 

Bioasbaj'- 

chemical 

assay 


Chemical 

Bioassay 

Chemical 


1 

Raw 

82 

100 

122 

14.7 

1.5 


Blanched, dehydrated 

77 

75 

97 

15.6 

0.2 

2 

Raw 

130 

86 

66 

16.0 

2.1 


Raw, dehydrated 

158 

94 

59 

11.4 

3.6 


Blanched, dehydrated 

193 

147 

76 

15.1 

1.6 

3 

Raw 

111 

113 

102 

13.3 

0.2 


1 min. blanch, dehydrated 
(Sample A) 

149 

84 

56 

11.3 

3.9 


5 min. blanch, dehydrated 
(Sample B) 

150 

82 

54 

12.0 

3.8 


10 min. blanch, dehydrated 
(Sample C) 

163 

122 

75 

12.0 

2.1 

4 

2 months storage of 

Sample A 

116 

20 

17 

21.6 

3.8 


Sample B 

122 

38 

31 

16.5 

4.2 


Sample C 

141 

60 

43 

17.7 

3.2 

6 

4 months storage of 

Sample A 

91 

18 

20 

23.7 

3.4 


Sample B 

101 

61 

60 

20.4 

2.0 


Sample C 

114 

62 

55 

19.5 

2.3 

6 

8 months storage of 

Sample A 

67 

50 

75 

27.3 

0.9 


Sample B 

82 

53 

64 

17.5 

2.1 


Sample C 

70 

55 

SO 

19.2 

1.0 

7 

Raw 


69 

62 

15.4 

2.4 


Blanched 


78 

54 

15.7 

3.0 


Blanched, dehydratetl 


73 

60 

14.5 

2.8 


Extract of raw 


124 

113 

13.3 

1.0 


Extract of blanched 

145 

193 

133 

15.1 

2.2 


Extract of blanched, dehy- 
drated 

120 

161 

134 

14.6 

2.3 

8* 

Dehydrated, stored 14 months 
at 120‘»F. (No. 12) 

94 

27 

29 

13.9 

5.1 


at 98°F. (No. 18) 

69 

23 

33 

15.3 

4.4 


Extract of No, 12 

94 

80 

85 

11.7 

1.3 


Extract of No. 18 

69 

62 

90 

11.8 

0.9 


* Carotene values on samples No. 12 and No. 18 are reported on samples as re- 
ceived, because water content could not be determined readily. 

135 











136 


WILSON, AMBROSE, DE EDS, DUTTON AND BAILEY 


Assays 3, 4, 5 and 6 were part of a large-scale experiment designed 
to cover several methods of preparation and the effects of storage on 
'a single sample of carrots. Immediately after dehydration, chemical 
assay indicated an increased carotene content in the blanched de- 
hydrated products, the values increasing with the duration of blanch- 
ing. The carrots, after dehydration, were packed in air and stored at 
90°F. Unfortunately, bioassays of the stored samples were not particu- 
larly satisfactory, since variations in response between animals in 
Assays 4, 5 and 6 were unusually large. However, the trend of the 
data for the bioassays indicated a much more rapid decrease in carotene 
content than did the chemical analysis; statistically significant differ- 
ences between values by the chemical and the biological methodKS 
were found for all samples after 2 months’ vstorage and for one sample 
after 4 months’ storage. The data are shown more clearly in Fig. 1. 



Fig. 1 

The Effect of Storage on the Cai-otone Content of Dehydrated Carrots 
Solid lines represent chemical analysis; broken lines are for bioassay. The thi’ee 
samples were blanched 1, 5 and 10 minutes, respectively, as indicated. 
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The steady decline in carotene content (chemical analj'sis) is apparent. 
Loss, as judged by bioassay, was very rapid during the first two 
months of storage, at the end of which time a low level was reached 
which remained more or less constant during the remainder of the 
8-month storage period. In the bioassay curves, the apparent increases 
in activity for the product blanched for 5 minutes, between the second 
and fourth months, and for the 1-minute blanch between the fourth 
and eighth months, are of no statistical significance and presumably 
are due to the inherent variability of a bioassay technique. 

In Assay 7, the products were fed to the rats in the form in which 
they were received, and also extracts prepared for chemical evaluation 
were dissolved in cottonseed oil and fed as supplements. The bioassay 
values of the extracts were about twice those obtained on the original 
products. The calculated carotene contents based on the bioassays 
were above those obtained by chemical analysis but the differences do 
not seem significant. 

Assay 8 is reported in more details in another paper (9). The samples 
used in this assay were stored, dehydrated carrots which seemed by 
bioassay to contain very much less carotene than was mdicated by 
chemical means. The conditions of storage were drastic and may be 
presumed to exaggerate loss in availability of carotene. Within the 
variability of the bioassay, the two methods agreed on the carotene 
contents of extracts of these products. 

Since different batches of carrots are represented in Table I, and 
the blanching, dehydrating and storage methods were varied so as to 
find the most satisfactory procedures, the results must be discussed in 
a somewhat generalized manner. With these limitations in mind, it is 
possible to group the assays into six categories, as in Table II. 

With raw carrot there was quite fair agreement between animal 
and chemical determinations in the 4 assays. In none of the assays 
was the difference between chemical and animal determinations 
statistically significant. A bioassay was made on only one sample of 
raw dehydrated carrots. The value obtained was 69% of the chemical 
value, and the difference appeared real. There also was but one sample 
of blanched carrots. Bioassay estimated the carotene content as 54% 
of the value obtained by chemical analysis, a significant difference. 
In other words, the carotene of these samples was not fully available 
to the rats. 
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TABLE II 


CowiMirison of Carotene Cnnerntration in Carrots as Determined by Bioassny 
and Chemical Proceduns 


Kind (jf caiioi pioduet 

Number 

of 

assays 

Bioassaj' X 100 
Chemical 

Number of 
latios signifi- 
cantly different 
from 100 

Mean value 

Range 

Raw 

4 

88 

62-122 

0 

Raw, dehydrated 

1 

59 

— 

1 

Blanched 

1 

54 

— 

1 

Blanched, dehydrated 

6 

70 

54-97 

1 ^ 

Dehydrated, stored 

11 

46 

17-80 

6 

Extracts 

5 

111 

85-134 

0 


There were 6 samples of carrots which had been blanched and 
dehydrated. The bioassays averaged 70% of the chemical. Two of 
the six differences appeared real. When storage was added as another 
factor, the differences between the two methods became more marked. 
The bioassays on stored samples averaged 46% of the chemical 
analysis. Although there was considerable variation between animals 
in Assays 4, 5 and 6, it is still of interest that in 6 of the 11 cases the 
difference between the chemical and the bioassay methods appears 
statistically significant. 

With the five extracts, there were two instances where the bioassay 
was slightly below the chemical and three where it was somewhat 
higher, but in no case was the difference significant. 

Other Vegetables. In a study less intensive than that on carrot 
products, several other vegetable products were analyzed for carotene 
by both chemical and bioassay procedures. In only one instance 
(sweet potatoes) Avas the fresh material bioassayed. The results arc 
included to show the order of agreement betAveen the methods of assay 
and to indicate the amount of carotene Avhich may be expected in 
various dehydrated vegetables. The data are presented in Table III. 

Biological and chemical assays of dehydrated sweet potatoes, 
mustairi greens, beets and green lima beans agreed Avith each other 
quite well. Dehydrated chard gave values by the two methods which 
were in fair agreement. The chard was stored in a closed metal con- 
tainer at room temperature. Six months later a chemical analysis 
showed that a considerable loss of carotene had occurred. Since this 
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loss was going on during the course of the assa}', the agreement between 
the methods is probably better than the indicated 80%. Dehydrated 
beets showed no carotene by chemical analysis and could not be fed 
to rats in quantities large enough to protect them. The agi*eement for 
dehydrated corn was not good. If only the cai’otene content is con- 
sidered, entirely neglecting the vitamin A value of cryptoxanthin, 
the biological value is still only about half of the chemical value. It 
may be that the rats are unable to absorb the carotenoids of the com 
efficiently. 


TABLE III 

Carotene Content of Variom Dehydrated Vegetables 


Type of Pioduct 

Carotene mg./lOO g. 
dry wt. 

Bioossay 

XlOO 

Variability 

of 

Bioassay 

100<r3j 

X 

Bioasbay- 

Chemical 

Chemioal 

Bioassay 

Chemical 


Sweet potatoes, fresh 


15.0 



115 

16.0 

0.9 

dehydrated 


>11.3 


13.4 

<119 

17.3 

<1.1 

Mustard greens 


53.2 


60.2 

94 

20.3 

0.3 

Chard 


40.0 


32.0 

80 

19.6 

1.0 

Repeat 6 mo. later 


28.8 



111 


0.6 

Beets 


0 


0 

— 

— 

— 

Green lima beans 


1.37 


1.4 

102 

16.9 

0.6 

Com 


' 0.5 ' 


0.26 

<52 

18.5 

>2.9 

Repeat 2 mo. later 


carotene 


0.27 

<53 

12.1 

>3.1 


< 

+2.2 








crypto- 

.xanthin^ 







Discussion anu Conclusions 

The proper application of the chemical technique would seem to 
give a true picture of carotene content. It is also tme that a cai-eful 
bioassay will indicate the amount of utilizable carotene within the 
accuracy of the bioassay method. That the chemical and the bioassay 
methods do not always agree must be due to the inability of the test 
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animal to absorb all of the carotene in the supplement. When the 
carotene, which is poorly utilized in the dry product, is extracted and 
fed in cottonseed oil, the rat can use it. If knowledge of the carotene 
content of a sample is what is wanted, chemical assay would be the 
method of choice. If utilization of that carotene is the important 
question, chemical analysis may not give a true answer and the 
biological assay would be preferable. 

On the basis of the above results, some generalizations appear 
warranted: The two methods of assay agree as well as can be expected 
when applied to raw carrots, although the results are somewhat 
inconclusive in two of the four experiments. The carotene of dehydrated 
carrots is not always fully available to the albino rat. Storage of 
dehydrated can-ots leads to a gradual loss of carotene content as 
judged by both chemical analysis and biological assay. 

Of the other dehydrated vegetables studied, there was substantial 
agreement between the two methods of assay for carotene, indicating 
that the rat can utilize this carotene. The one exception was com, 
where utilization was poor. 
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Introduction 

Rubber is generally found as an aqueous emulsion contained in 
specialized latex vessels of plants. Of the substances which accompany 
rubber in the coagulum of latex, many are also of the isoprene type such 
as gutta-percha, sterols, terpenes and other similar substances (1), all 
of which may be thought of as being constructed from a 2-methyl-2- 
butene or ^‘isoprene type’' polymer element. In spite of much work, 
little Ls known about the biological mechanism by which such com- 
pounds are synthesized. 

A combined genetic and chemical approach affords an effective 
method for investigating some of the steps in the biosynthesis of 
related compounds. For example, workers at the John Innes Horti- 
cultural Institution (2) have found that gene action is evident through 
its control of the chemical configuration of flower pigments such as the 
position of oxidation, methylation and glucoside formation on an 
anthocyanin nucleus. Such data support the hypothesis of Horowitz 
(3) that . . each synthesis is controlled by a set of non-allelic 
genes, each gene governing a different step in the synthesis.” Beadle 
and his associates (4) consider genes to control specific enzymatic 
reactions in Neurospora, 

Latex systems have been observed in plants of many families, some 
of which are widely separated taxonomically. Latex vessels are con- 
sidered to be living cells (1) and it is possible that much of their con- 
tents is synthesized within them. Latex vessels are very active in the 
production of the related hydrocarbons, gutta, rubber and triterpenes. 

1 Present address, California Institute of Technology, Pasadena 4, California. 
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Occurrence together of these substances in such specialized cells 
suggests that they are as related in formation as are flower colors. 

Chemical analysis showed a great difference in the quality of latex 
obtained from young shoots of two species of Cryptostegia. C. madagas- 
carienm latex contained a triterpene-ester as a principal constituent 
and practically no rubber (5). On the other hand, C, grandiflora latex 
contained much rubber and very little, if any, triterpene-ester. A 
study was made of the inheritance of latex quality in an F 2 progeny 
derived from self-fertilization or sibbing of a natural hybrid, C. 
grandiflora, X C, madagascariensis Evidence is presented that latex 
quality is subject to relatively simple genetic control and, because of 
this finding, it is possible that both rubber and triterpene ester utilize 
a common precursor for their biosynthesis. 


Plant Materlal and Analytical Methods 

The Two Species of Cryptostegia, All plant material used in this study was growing 
in the Plant Introduction Garden at Cocoanut Grove, Florida. C, grandiflora was 
grown from seeds collected in Florida, the western coast of Mexico and Arizona. 
Some of the plants were more than 19 years old while others represented new stock 
two and one-half years old. In spite of the difference in age and locality of origin, 
all the plants were very imiform in morphological and anatomical characteristics. 

Twenty C, madagascariensis plants originated from 1924 seed collections made in 
Tanganyika Territory, Africa. A larger stock was derived from 1942 seeds of the 
African plants. Like C, grandiflora^ all plants were remarkably uniform in plant 
characters. The material available for latex collections and cytological studies is 
considered fully representative of the two species of Cryptostegia. 

The Fi Hybrid. The hybrid, C. grandifloray X C. madagascariensis 
was discovered in 1927. Quite by chance, a worker at the Plant Intro- 
duction Garden selected a follicle from a normal C. grandiflora plant 
which had been gi*owing near a group of C. madagascariensis plants. 
After germination, it was soon apparent that the seedlings were 
different from either C, grandiflora or C. madagascariensis. Accordingly, 
they were set out in a block far removed from other Cryptostegia plants 
for further observation. The main characters of this hybrid have been 
described by Polhamus, HiU and Elder (6). They noted that the 
hybrid plants were marked by greater vigor but in other respects 
were intermediate between the two parents. Table I illustrates some 
of the more apparent differences noted by these workers together with 
observations made in the present study. Furiher indication that these 
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TABLE I 


*1 Comparison of i)omc Cliaraders Which Serve to Distinguish the Two Species of 
Cryptostegia from the Intermediate Hybrid 


Character 

C. grandifiora 

1 C. madag<i8carie7ist8 

Hybrid 

1. Habit of growth 

Largo, climbing 

Compact, bushy 

Larger and more 


shrub 

shrub 

vigorous than 
either parent. 
Tends to dimb 

2. Leaves 

Narrow and thin 

Thick, glossy, 

Narrow and thin 


with a purple 

elliptical; midrib 

midrib not 


midrib 

not colored 

colored 

3. Flowers 

Pale purple 

Purple 

Light purple 

4. Runner-like 
Whips 

Present 

Usually Absent 

Present 

5. Latex quality 

High rubber, low 
acetone extract 

High acetone 
extract, little 
or no rubber 

Like grandifiora 

6. Chromosome 
number 

n = 11 

n « 11 

n = 11 


plants were natural, interspecific hybrids was indicated by observations 
on segregation and recombination of some characters in the second 
generation progenies. 

Attempts were made to crosvs the two species under controlled 
conditions of pollination. All efforts ended in failure regardless of 
wliich species was chosen as pollen parent and whether or not insect 
or hand-pollination was tried. Similarly, no fertilization occurred in 
hybrid ovaries pollinated with either parent, nor was there any 
conclusive evidence that such crosses occur naturally. The hybrid, 
however, produced abundant seed although it is not known whether 
this was the result of sibbing or self-fertilization. 

The F2 Progenies. The F2 population consisted of six progenies, 
with an average of 33 plants in each, which were derived from seed 
produced by open-pollination of individual Fi hybrids. Significant 
variations in latex quality and other characters such as flower color, 
leaf shape and habit of growth indicated that these progenies resulted 
from fertilization of hybrid plants. 

The F2 plants could be fairly easily grouped into classes resembling 
one or the other of the two parents or the hybrid. No distinctly new 
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morphological typos were observed. Originally, 330 F 2 plants were 
planted as a block. Lack of cultural cai'e, however, reduced the number 
to something less than 300 plants. A total of 168 plants has been 
analyzed for latex quality at some time during the progi’ess of this 
work. 

Chromosome Numbers, Cryptostegia chromosomes are very small and 
cytological work was limited to determinations of chromosome num- 
bers. These were made on flower buds by the aceto-carmine anther 
smear method. In material examined, products of the two meiotic 
divisions appeared to remain together to form a pollen tetrad. 

A haploid complement of 11 chromosomes Avas found for all plants 
examined. These included counts from 20 C. madagascanensis plants 
representative of the various stocks used in the present study. Flowers 
were examined from C. grandifiora plants growing in the states of 
Tamaulipas and Sinaloa, Mexico, and from two stocks at the Plant 
Introduction Garden, Cocoanut Grove, Florida. Seeds of one of these 
stocks came from Bombay Province, India, and the other from 
Brisbane, Australia. Six Fi h 3 "brid plants also gave counts of 11 
bivalents. The pairing of chromosomes was obser\’^ed to be complete. 
The chromosome behavior of normal pairing in meiosis in the inter- 
specific hybrid is in harmony with regular segregation and recombina- 
tion of genetic factoi-s. 

Collection of Latex, As indicated in Table II, there was a distinct 
and completely reproducible difference in the latex quality of C, 
madagascaricnsiSj depending on the age of the stem from Avhich the 

TABLE II 


Variation in Quality of Ovm-Dried Latices from Different Paris of the Branching 
Bystem of a Single Plant of C, madagascariensis 


Zone 

number 

Pa,it of plant sampled 

Average 
diameter 
m mm. 

Percentage 

Acetone 

extract 

Rubber 

1 

Trunk 

65 

8.1 

68.5 

2 

Large branches 

40 

7.4 

69.7 

3 

Medium-sized branches 

24 

10.0 

72.7 

4 

!Medium-sized branches 

15 

23.5 

54.2 

5 

Smaller-sized branches 

10 

61.1 

14.2 

6 

Young shoots 

3-4 

72.8 

1.6 
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latex was removed. As stems increased in size, more rubber was found 
in the latex. This was presumably the result of a difference in the 
quality of pith and cortical latex, the former containing a much larger 
amount of acetone extract than the latter. In sampling young stems 
of either C. madagascariensiSf C. grandifiora, the hybrid or the F2 
plants, it was observed that most of the latex was derived from the 
pith. With larger stems, two distinct and almost equal regions of flow 
were observed, while in larger trunks, it was apparent that most of 
the latex originated from the cortex. Every effort was made to secure 
latex from young tissue comparable in age and size. 

To secure latex from C. madagascariensis, small branches were cut off approximately 
between the ninth and tenth internode. For purposes of internode designation, the 
youngest internode having a length of at least 1 inch was considered as number 1 
and the count was made toward the point of union of the branch and next larger 
stem. Latex samples were obtained in a similar fashion from the elongated ‘Vhips” 
of C. grandifiora and the hybrid, although these plants were found to have the same 
latex quality irrespective of whether the latex was secured predominantly from the 
pith or cortex. F 2 plants were bled in a similar manner. 

Latex collections were made while the plants were dropping leaves (February 
1944), near the end of the growing season, shortly before leaf-fall, (October 1943), 
and during the summer when growth was at a maximum (July-August 1944), 
Before the last sampling was made, all of the Fs plants were drastically pruned so 
that it was possible to examine latex from new tissue strictly comparable in age and 
size. Generally, enough latex would bleed from one cut for analytical purposes. 
In a few instances, two cuts were required. 

Analytical Methods, Latex samples were either dried by heating to about 60®C. or 
were coagulated by adding one fourth volume of acetone and then cooling for two 
hours in a refrigerator. The coagulated sheets were washed with water and pressed 
repeatedly after which they were dried over PaOs at room temperature. A weighed 
aliquot, about 0.150 g. was finely divided and then extracted with redistilled acetone 
for 16 hours in a Bailey-Walker extraction apparatus. The acetone-soluble materials 
were regained by evaporation of the solvent at 60°C. in a stream of air and weighed. 

Rubber hydrocarbon was determined either by benzene extraction (Bailey- Walker) 
or by a slight modification of the iodination method proposed by Kemp and Mueller 
(7). The acetone-extracted samples were transferred to 250 ml. glass-stoppered flasks, 
30 ml. of CS 2 w^ere added and the samples allowed to sw^ell in this medium for 16 
hours. Twenty-five ml. of Wijs solution, (ICl), prepared and preserved according 
to the directions of Kemp and Mueller, were added and the flasl^ and their contents 
placed in the dark for one hour. Fifteen ml. of a 15% solution of KI were added 
together with 50 ml. of freshly boiled and cooled distilled water. The excess iodine 
was titrated with 0.1 iV sodium thiosulfate, using starch as an indicator. The degree 
of unsatiiration, hence per cent rubber, was calculated after correction for a blank. 

Analyses for the hot acetone-soluble triterpene ester, whose properties have been 
described, (5) were based upon its relatively low solubility in cold acetone. The 
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acetone extract was rcdissolved in boiling acetone and quantitatively transferred to 
tared centrifuge tubes which were then placed in an oven at 50®C. to reduce the 
volume to 3 ml. The tubes and their contents were next placed in a refrigerator at 
4‘’C. for 16 hours to allow the ester to crystallize, after which they were centrifuged 
for several minutes in the refrigerator. The supernatant fluid was decanted and the 
precipitated ester was quickly washed with 3 to 4 ml. of ice-cold acetone which was 
decanted after centrifuging. The crystallized ester w'as dried over CaCl 2 in vacuo 
for 5 hours, and then weighed. 

The **true” amount of ester in a coagulated latex was given by the sum of the 
observed weight and the amount remaining in solution in 3 ml. of acetone at 4°C. 
The solubility of the ester under these conditions was found to be 12 mg. in 3 ml., 
or approximately 8% of the sample weights used. This correction introduces uncer- 
tainty in ester values which are belovr lO^To. Small precipitates, such as found in 
C. grandifiora coagula, were not definitely identified as ester, and all that can safely 
be stated in such cases is that the ester docs not exceed 10% of the sample and well 
might be 0%. 


Experimental Results 

During February 1944, latex samples were bled from 72 F 2 plants 
and analyzed for total acetone extract and rubber. The results are 
presented graphically in Fig. 1. Previous analyses had shown that C. 
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grandijlora latex always contained less than 20% acetone extract and 
70-80% rubber, while C. madagascariensis latex contained more than 
80% acetone extract and less than 5% rubber. The natural hybrids 
closely resembled C. grandijlora in having 25-35% acetone extract 
and GO-65% rubber, although there was a consistent tendency for the 
hybrid to have slightly less rubber and slightly more acetone extract 
than C. grandijlora. 

It is evident from Fig. 1 that segregation for latex quality had 
occurred in the F 2 generation, with rubber being the predominant 
substance ssmthesized in mo.st of the latices. The plants at this time 
were in a semi-dormant condition and had not been disturbed for 
more than 10 years. There was no apparent correlation between the 
obvious morphological chai-acters of the individual plants and the 
quality of the yoimg shoot latex, although plants having the morpho- 
logical characteristics of the parental types appeared to have segre- 
gated. Evidently, independent segregation for latex quality had also 
occurred as about 75% of the plants could be classified as having 
latex containing large amounts of rubber and little acetone extract 
while the rest were low in rubber and high in acetone extract. 

When it became evident that lupeol ester was a principal constituent 
of C. madagascariensis latex, the F 2 plants were again examined in 
July-August 1944 for latex quality together Avith the Fi hybrid and 
the two parental types. Latex was analyzed from 126 F 2 plants. 
Table III illustrates the latex quality encoimtered in the parental 
types and the hybrids. It can be observed that both parental types 
and the hybrid fall into distinctly different, narrow percentage ranges 
with respect to rubber, acetone extract and lupeol ester. It is equally 
clear that the hybrid more nearly resembles C. grandijlora in latex 
quality than C. madagascariensis. 

Since the F 2 plants were in a very over-grown condition, all the 
plants were drastically pruned back to a few main stems in March 
1944, to eliminate crowding as an environmental factor which might 
have affected latex quality. Enough new growth occurred by July- 
August 1944 so that sufiSici^t latex could be collected from individual 
plants for chemical analysis from new tissue strictly comparable in 
age and size. 

Table IV is a histogram of the total acetone extract obtained from 
precipitated coagula. The graph is arranged so that actual plant 
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TABLE III 

Acetmie Extract, Ester and Rubber Percentages of Coagula Obtained from Stem^Laiez 
of C. grandiflora, C, madagascariensis and tJieir Fi Hybrid 



Plant 


Peicentage 



numbei s 

Acetone 

e\tiaet 

Estei 

Rubbei 

C. grandiflora 

7 

11.5 

lOSo 

blank 

73.1 


8 

1-4.1 

blank 

73.0 


0 

12.0 

blank 

73.3 


JO 

11.4 

blank 

74.6 


11 

12.1 

blank 

73.7 


12 

13.3 

blank 

72.2 


13 

14.0 

blank 

70.0 


14 

12.8 

blank 

73.1 


Mean 

12.6 

blank 

72.9 


S.E.iVI. 

0.38 

blank 

0.46 


C.V. 

8.4 

blank 

1.8 

C. madagascariensih 

1 

87.0 

52.4 

3.0 


2 

86.0 

54.1 

2.3 


3 

85.5 

49.8 

1.8 


4 

88.9 

54.3 

2.8 


5 

89.2 1 

55.6 

2.2 


G 

86.0 

54.2 

3.0 


Mean 

87.2 

53.4 

2.5 


S.K.1M. 

0.60 

0.83 

0.20 


av. 

1.7 

3.8 

18.9 

Fi (C. grandiflora 

B8 

28.5 


60.1 

X C. madagascariensis) 

Cl 

33.7 


61.2 


CIS 

29.9 

15.2 

60.1 


DIO 

29.5 

14.0 

63.0 


E4 

33.8 

17.1 

59.3 


E9 

33.2 

15.6 

61.6 


F6 

30.5 

14.3 

62.7 


P17 

29,5 

13.9 

62.2 


117 

30.8 

14.9 

60.6 


Mean 

31.1 

16.2 

61.2 


S.E.M. 

0,67 

0.36 

0.41 


C.V. 

6.4 

7.1 

2.0 
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numbers are placed in their respective percentage classes and thereby 
emphasizes the purely random spread encountered in latex quality 
among the individual F 2 plants. ‘Tlace effect” also appears to be 
eliminated from consideration since the block was planted so that 
rows running South to North were designated by the successive letters, 
A, B, . . . K, while the rows running West to East were designated 

TABLE IV 

A Histogram of Individual F2 Plants Classified on the Basis of 
AceUnie Extract in the Latex Coagulum 



F15 A2I 62S B21 

C26 A15 B25 B7 

B30 A4 A17 A28 S26 122 


152 
I2I 
P16 
S20 A3 


K18 
_ _ J28 
JI27 025 
124 019 
116 B24 
01 B19 

B5 


KS5 

K2 K19 
J26 JIO 
J24 J6 
X18 133 
117 ?32 
15 S32 

H5 C14 
630 B33 
611 B29 
J18 ?28 B8 
A53 G20 B6 


053 


10 - 

16- 

20- 

25- 

30- 

36- 

40- 

46- 

60- 

56- 

60- 

65- 

70- 

76- 

80- 

86- 

RSj 

96- 

14.9 

19.9 

24.9 

29.9 

34.9 

39.9 

44.9 

49.9 

54.9 

69.9 

64.9 

69.9 

74.9 

79.9 

84.9 

89.9 


100' 


FERCENTAGS CLASS 


by the successive numbei’s, 1, 2, ... 33. Each progeny ol)tainod 
from Fi seed, of which there were six, was planted in order. Thus, 
the F 2 plants obtained from hybrid plant A1 were planted as E18, 
E19 . . . E33, FI, F2, . . . F33, Gl, G2 . . . Gil. Almost one-half 
of the total number of F 2 plants were examined in this experiment. 

Table V is a histogram arranged in a similar manner to illustrate 
segregation for rubber. Most of the plants are like C. grandiflora in 
containing rubber as the dominant constituent of their latices while 
the rest are either intermediate or like C. Tnadagascariensis. 

Table VI is a histogram showing that high-ester types apparently 
segregate in a recessive fashion. Fig. 2 is a graph which shows that an 
inverse correlation exists between rubber and lupeol-ester formation. 
With high ester values little rubber is formed, and vice versa. 
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TABLE V 

A Histogram of Individual Fz Plants Classified on the Basts of 
Rubber Cmtcnt in the Latex Coagulum 
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Fig. 2 

Variation of Lupeol Ester and Rubber Contents in F 2 Plants from 
C. grandiflora X C, rrtadagascarimsis 
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Discussion 

Examination of the acetone and rubber histograms shows the 
presence of two major divisions of latex quality and indications of 
minor divisions in the frequencies of the intermediate classes. The 
lupeol-ester histogram shows this same tendency although the minor 
peaks are not as clearly indicated, probably due to the large experi- 
mental error introduced in the analytical determinations for ester. 


TABLE VI 

A Hisiogfam of Indiimlual Plants Classified on the Basis of 
Lupeol-Ester in the Latex Coagulum 



FBRCSmaS CLASS 
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These data are in agreement with the concept that a dominant gene 
(or genes) controls the enzymatic formation of rubber by which a 
simple precursor is condensed into a linear polymer of high molecular 
weight. Similarly, a gene (or genes) whose expression is recessive to 
that of rubber formation controls the enzymatic formation of lupeol 
ester by cyclic condensation from the same substrate. The information, 
however, is not sufficiently extensive to show that the genes are 
alleles, since the expression of such genes may have been modified in 
the Fi and F 2 by competition of other, unknown mechanisms, utilizing 
the same substrate, accounting for the portion of the total acetone 
extract that was not lupeol ester. 

Approximately 60% of the acetone extract obtained from C, mada-- 
gascariensis latex is a triterpenol esterified with a mixture of long-chain, 
hydroxy fatty acids (5). Triterpenes are now rather well known to be 
pentacyclic hydrocarbons, although the structures are not completely 
worked out. The structure of lupeol, as suggested by Ruzicka and 
Rosenkranz (8), is given in Fig, 3. In this figure one can see separate 
isoprene-type structural elements that are considered to be preserved 
in this t 3 rpe of compound. Rubber, the formula of which is also given 
in Fig. 3, is a linear polymer of isoprene-type structural elements. 
The double bonds appearing in rubber are considered to be equivalently 
expressed by the cyclization of the triterpenol. In short, rubber is an 
extended linear polymer while triterpenes are limited cyclic polymers 
that could well be formed from the same precursor. 

Latex systems are discrete, homogeneous tissues confined to a small 
number of plant families, some of which are rather widely separated 
phylogenetically. Latex tubes are probably restricted in their metabolic 
activities — as far as the coagulum is concerned — to the production of 
relatively few major compounds most of which are structurally related. 
Ratios of amounts of these compoimds forming under widely varying 
environmental conditions are quite constant. In Cryptostegia, the 
parental species, the Fi hybrid and F 2 progenies have been sampled 
at different seasons of the year representative of varying metabolic 
conditions. No essential difference in the ratio of acetone extract to 
rubber was detected which could be referred to a seasonal effect. It 
was also found that the significant correlation between rubber and 
ester was independent of variations (6-23%) in the amount of coagu- 
lum formed in individual latices. 
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In the differentiation of the two morphologically distinct species of 
Cryptostegia, it is probable that genes responsible for the production 
of the major constituents of the coagulum have remained relatively 
unchanged, as might be expected if they regulate basically related 
chemical processes. Several facts support this hypothesis: (1) The 
uniform occurrence of either rubber or lupeol ester in the two species 



Common Precursor 



RUBBER 

Linear Condensation 



Fig. 3 

I<\)riimlas of RiiblxT and Lupi'ol Indicating a Relationship of 
Linear and Cyclic Condensation 


and the apparent segregation of the same compounds in the F 2 genera- 
tion. (2) The striking similarity in the segregating products, rubber 
and ester. A relatively minor change in the action of a gene or genes 
may be all that is necessary to change the direction of polymerization 
from rubber to ester. 

Many other latices contain triterpenes. Lupeol, either free or esteri- 
fied with acetic, isovaleric, caproic or cinnamic acids, has been found 
associated with rubber in species of Alslonia^ FicuSy PhyUanthus^ 
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Butyrospermum, Plumeria, Dyera and Cryptostegia. With gutta, it has 
been found in Achras, Palaquium and Mimusops. (9) Similarly, the 
triterpenes a- and jS-amyrin are widely distributed in latices. The 
list could be extended. 

It is doubtful if any latex has been examined in which the predomi- 
nant constituents in the non-aqueous phase of the latex emulsion have 
not been confined to isoprene-type hydrocarbons. The most satis- 
factory hypothesis to account for this phenomenon is that a relatively 
small number of genes determine the direction for pol 3 rmerization of 
isoprene substances and, irrespective of speciation, no great change 
has occurred in the restricted function of such genes as manifested by 
the chemical products they control. 

We are indebted to Mr. Loren G. Polhamus of this Bureau and to Dr, James 
Bonner and Dr. Sterling Emerson of the California Institute of Technology for 
stimulating discussions and helpful criticisms. 

Summary 

1. Young shoot latex obtained from Cryptostegia grandiflorn, C. 
madagascariensis, a natural hybrid, C. grandiflora X C. madagascari- 
ensis and an Fs population derived from the hybrid was examined 
for latex quality. 

2. C. grandiflora latex coagulum uniformly contained less than 20% 
acetone extract and 70-80% rubber. C. madagascariensis latex coagu- 
lum contained less than 5% rubber and more than 80% acetone 
extract of which more than 60% was accounted for as a triteipene 
(lupeol) ester. The hybrid resembled C. grandiflora in latex quality. 

3. In the F* generation, approximately 76% of the plants contained 
predominant rubber, while approximately 25% contained predominant 
ester in the latex coagulum. 

4. Evidently, segi-egation for latex quality occurred but the data 
were not suflBciently extensive to show that rubber and lupeol ester 
formation was controlled by allelic genes, although the experimental 
data suggest such a scheme. 

5. It is concluded that a common precursor is utilized in the forma- 
tion of rubber and lupeol ester. General evidence for a common 
precursor is afforded by the association of rubber or gutta with 
triterpenols in the latex systems of many other plant species. 
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Introduction 

During the courbe of an investigation on the inheritance of latex 
quality in Cryptostegia, the following facts were established (1) : 

1. The coagulum obtained from C, grandijlora latex uniformly con- 
tained 70-80% rubber and less than 20% acetone extract. 

2. Conversely, C. madagascariensis latex coagulum obtained from 
small branches contained less than 5% rubber and as much as 90% 
acetone extract. 

3. The natural hybrid formed from these two species more nearly 
resembled C. gratidiflora in latex quality than C. nindagascaricnsis. 

4. In the Fs population derived from the hybrid, approximately 
25% of the plants contained predominant ester while 75% contained 
predominant rubber in the latex coagulum. 

In view of the segregation of latax qualiiy in the Fs generation, 
it was of interest to examine the latex of C. madagascariensis from a 
chemical standpoint. The following work shows that the principal 
constituent in the coagulum of this latex is a triterpene-ester. The 
hypothesis has been presented (1) that the formation of rubber or 
ester in Cryptostegia latex is controlled either by a single gene or by 
a few genes, and that both polymers are derived from a simple, common 
precursor. 

‘ Preacnl address, California Institute of Technology, Pasadena 4. 
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Discussion 

Coagulum derived from latex of young branches or vegetative 
shoots of C. tnadagascariensis is almost completely soluble in hot 
acetone and a single substance, amounting to more than half of the 
starting material, separates upon cooling. This substance (I), ^^dth an 
empirical composition near C68H94O3, is a mixture of esters of a 
triterpenol. 

Properties of the triterpenol (II) obtained by saponification of the 
ester mixture (I) shows it to be identical with lupeol. It is similar in 
properties, as shown below, to jS-calotropeol, the acetic and isovaleric 
esters of which are the principal latex constituents of Calotropis 
gigantea (L.) R. Br. (2). Identity of the triterpenol (II) and lupeol 
was completely established by the crystallographic constant of the 
derived ketone and the previously reported values for crystals of 
lupenone (4). 

TABLE I 


Property 

Triterpenol (II) 

Lupeol (3,4) 

/3-Calotropeol 

Composition 

CaoHitOH 

C30H49OH 

CaoHigOH 

Melting point, m.p. 

216-217“ 

215“ 

216-217“ 

[aloCeHe 

+33“ 

— 

+51“ 

Acetate, m.p. 

217-218“ 

214-215 

238“ 

Acetate, [a]DCllCl 3 

+42.5 

+47.3 

— 

Benzoate, m.p. 

260“ 

265“ 

270-280“ 

Ketone, m,p. 

170.5-171.2 

169.5-170.5 

— 

Ketone, Ca]DCIIClj 

+58.5“ 

+63.5“ 

— 


About two-thii’ds, 70%, of the mixed acid portion of the ester (I) 
proved to be a mixture of 2-hydroxy-n-fatty acids as shown by chemical 
analyses, formation of insoluble Mg salts in 95% ethanol (5, 6) and 
oxidation, with a loss of one C atom/molecule, to normal fatty acids. 
That oxidized acids are normal is showa by the properties of their 
ethyl esters and by presence of (hkO) X-ray diffraction maxima 
characteristic of normal fatty acids. The 2-hydroxy-n-fatty acid mix- 
ture is a complex one and possibly includes components between Cie 
and C26 acids with maxima occurring near Cig and C24 or C17 and C23 
^yith the higher carbon fraction predominant. None of the fractions 
separated contained acids of sufficient purity to permit safe deductions 
as to whether or not only acids with even numbers of carbon atoms are 
present. This fraction is similar in part to ^‘phrenosinic acid,'' a 
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component of the cerebrosides phrenosin and kerasin (5), which has 
been shown to be a mixture of 2-hydroxy-n-docosanoic, 2-hydroxy-n- 
tetracosanoic and 2-hydroxy-n-hexacosanoic acids (6), that can be 
oxidized easily to the acid mixture commonly known as “lignocerie 
acid/' 

The remainder of the acid moiety (30%) formed Mg salts which 
were very soluble in 95% ethanol. The fraction was not completely 
characterized. Complexities of naturally occurring acid mixtures of 
the type encountered here have been emphasized by the work of 
Chibnall and his associates (7) as well as hy the recent work of Weit- 
kamp on wool scourings (8). 

Chemical Experiments 

Fractiomiiori of Latex. Latex was obtained from ^’’oung stems and 
vegetative shoots of C. madagascariensis at Cocoanut Grove, Fla., and 
shipped to Washington, D. C. Three days after collection, 197 g. of 
this latex were coagulated by adding 100 ml. of acetone with thorough 
stirring. After 1.5 hours complete coagulation was apparent and the 
clear serum was removed by filtration. The coarsely granular white 
precipitate was repeatedly washed with water and then vacuum dried 
at room temperature. The yield was 52.8 g. or 26% of the total latex. 
600 g. of a 2nd lot of C. madagaacariensis latex from pods gave 150 g. 
or 25% of coagulum and the serum contained 39 g. of solids (6.5%), 
33.4 g. (5.6%) of which were soluble in absolute methanol and insoluble 
in benzene. 

The coagulum obtained from young branch latex was extracted 
with acetone in a soxhlet. A small insoluble residue (1.0 g.) was 
extracted vith petroleum ether and the solution was evaporated 
giving 0.6 g. of rubber (0.25%). 

The combined acetone solutions were reduced in volume and then 
cooled to 4®C. A white crystalline precipitate (I) separated (60% of 
coagulum). The cold acetone washings and mother liquor, evaporated 
to dr3niess, gave a highly viscous material from which characterizable 
compounds were not obtained. 

Purification of Fraction Inaduhle in Cold Acetone (7). Four reerj^stallizations from 
acetone raised the in.p. from 72‘*-75® to 76.0®. It was not chan^ by two further 
crystallizations from acetone and one from diethyl ether. Other constants of the 
material are: Ca]D“ benzene « 4* 16.1®; m.w., Micro-Rast (camphor) 807,793, by 
saponification (as a single ester) 772, by addition of IBr (Hanus) 785 (for one double 
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bond), no addition ot Brg in CCU; Sol. 4.3 mg. /ml. at 4°C. in acetone, moderately 
soluble in methanol, ethanol, acetone and ether, extremely soluble in nonpolar 
solvents. 

Anal.; Calc., CfisHgiOa (m.w. 778.7), C, 81.68, II, 12.15. 

C64H96O3 (m.w. 792.7), C, 81.74, H, 12.20. 

Found, C, 81.4, 81.4, H, 11.86, 11.81. 

Saponification of Mixed Ester (/). The procedm-e outlini‘d by Chibnall et al. (9) 
was generally followed. Yields of crude alcohol (II) and acid (III) regenerated from 
the Ca salt were 97%, 95% (II) and 85%, 98% (III), respectively, in two experi- 
ments. 

Triterpenol (I I) = Lupeol. The crude alcohol was crystallized four times from 
acetone and finally from petroleum ether. Loss in weight was 50% and the m.p., 
216-217®, did not change during the last three crystallizations. Other constants of 
the compound are: benzene = 4- 33.0®; m.w., Micro-Rast (camphor), 430; 

coioi tests, Lieberman-Burchart, intense red, Salkowski, bright orange. 

Vnal.; Calc., CsoHioO (m.w. 426.7), C, 84.44, H, 11.81. 

Found, C, 84,4, 84.6, H, 11.8, 11.8. 

Tnterpenol (JJ) Luped Acetate was prepared from acetic anhydride and fused 
sodium acetate. Its melting point after recrystallization from ethanol was 217®. 
The mixed melting point with (I) was depressed 40®C. Other constants of the com- 
pound are: [a^n^-CHCL =* + 42.5®; m.w. by saponification 456. 

Anal.; Calc., CaaH^sOa (m.w. 468.7), C, 81.99, H, 11.18. 

Found, C, 82.2, H, 11.30. 

Triterpenol (II) Lupeol Benzoate was prepared by use of benzoyl chloride in the 
presence of a few drops of pyridine. It was crystallized to a constant melting point 
of 260®C. from ethanol. 

Anal.; Calc., C87B[fi402, C, 83.72, H, 10.25. 

Found, C, 83.3, 83.4, H, 10.40, 10.55. 

Triterpenone, Lupenone was prepared by oxidation of (U) with chromic acid at 
30®C. (3). The }ield was quantitative and twice recrystallized material (95% ethanol 
- 60% yield) melted at 170.5-171.2®; in CHCL was 58.5®. Crystals were 

optically positive with a small 2V and strong dispersion with p > v. The crystal 
class is Ds » 222, orthorhombic enantiomorphic henodhedral, as required for an 
optically active orthorhombic compound and not orthorhombic bipyramidal as 
reported by Jaeger (3) and realized by him to be doubtful. 

Mixed Acids (JIT). 5.6 g. of the crude acid regenerated from the calcium salt was 
dissolved in 50 cc. of boiling 95% ethanol and to this was added 100 cc. of a 5% 
solution of magnesium acetate. The solution was filtered while hot to remove the 
insoluble magnesium salts of the oe-hydroxy fatty acids (5, 6). The free acids were 
regenerated by dissolving the magnesium salts in glacial acetic acid and then diluting 
vrith water. After cooling to 0®C. the adds were separated by filtration and washed 
until free of acetic acid. The yield of 2-hydroxy acids (III A) was 70%. 

The filtrate from the above treatment was evaporated to dryness, taken up with 
gladal acetic acid and then diluted with water. The precipitated adds were redis- 
solved in 95% ethanol and a second treatment with magnesium acetate was carried 
out. No predpitate formed and the free acid was again regenerated. The acid yield 



TRITERPBNE ESTER PROM LA.TEX 


161 


(III B) was 30% of the crude acid. Anal 3 dical evidence was obtained indicating 
that III B was a mixture of long chain fatty acids and hydroxy fatty acids. 

ii-Hydroxy-n’-Jaity Acids {III A). The crude acid was recrystallized four times 
from acetone and three times from absolute methanol. The acid as purified melted 
at 84.8~85.2®C. and set sharply at 84.0®C. with a heating rate of about 1°C. /minute. 
Other constants of this material are: in methanol = + 3° (inactive, within 

experimental limits); neutralization equivalent 372, 371; X-ray diffraction, (hkO) 
reflections different from normal fatty acids were observed. (001) reflections were 
absent. 

Anal.; Calc., C28H460a (m.w-. 370.6), C, 74.54, H, 12.50. 

Found, C, 74.4, 74.5, H, 12.32, 12.35. 

Those observations are t 3 q)ical of long chain fatty acid mixtures and are inadequate 
to serve as criteria for purity or evidence of straight- or branched-chain character (9). 

In order to demonstrate heterogeneity of (III A) the “purified” acid was subjected 
to a triangular crystallization scheme with acetone as a solvent. Five per cent was 
obtained in the 4th step with a m.p. of 91.5®C. and a setting point of 90®C., which 
is about 6°C. higher than that of the starting material. It did not give (001) X-ray 
diffraction maxima, which indicates inhomogeneity. 

Anal.; Calc., C 28 H 46 O 8 , C, 74.54, H, 12.50, CasHsoO,, C, 75.33, H, 12.64. 

Found, C, 75.47, H, 12.21. 

Oxidative Degradation of ^-Hydroxy-n-fatty Acids {III A), The acid was oxidized 
w’ith KMn 04 in acetone by the procedure of Levene and Taylor (10). Reaction 
was rapid and after two recrystallizations from dry petroleum ether a product was 
obtained melting between 62.4 and 62.8®C. with a setting point between 61 ®C. and 
60®C. A depressed melting point and poor diffraction pattern are typical for normal 
fatty acid mixture containing several constituents. Other constants of this material 
are: Neutralization equiv. 345; X-ray diffraction, diffuse 1st and 3rd orders from 
(001) gave a spacing of 53 db 2A and (h k 0) reflections of normal fatty acids, required 
for C23H46O2 « 51.8A (C modification, m.p. 79.6®C. (11) and C21H42O2 = 47.8A, 
m.p. 75.2®C. (11). 

Anal.; Calc., C 23 H 46 O 2 (m.w., 354.6), C, 77.83, H, 13.08. 

C 21 H 42 O 2 (m.w., 326.6), C, 77.24, H, 12.96. 

Found, C, 77.05, 77.30, H, 13.03, 13.15. 

A second lot of the oxidized acid gave 5 fractions upon successive crystallizations 
from acetone, namely: (1) insoluble (K salt of acid); 8%, (2) m.p. 67-73®C.; s.p., 
71.5®C.; some ash; 4%, (3) m.p. 62.5-63.5®C.; s.p., 62®C.; no ash; 6%, (4) cold 
acetone insoluble; m.p. 59-60®C.; s.p., 58.5®C.; 35%, (5) very soluble in cold acetone, 
m.p. 53-54®C.; s.p., 52.5®C.; 43%. 

Ethyl Esters of Normal Fatty Acids, Ethyl esters were prepared of fractions (4) 
and (5), above, by refluxing with 5% HCl in absolute ethanol. The ethyl ester of 
fraction (4), after repeated recrystallization from absolute ethanol, had a m.p. of 
45.0 =fc 0.1® and a setting point (s.p.) of 43.8 db 0.1®. The spacing of (001) measured 
on four observed orders is 32.7 ±0.3 A. The value observed for an equimolar mixture 
of C 2 oH 4 iCOOC 2 H 5 and C 28 H 41 COOC 2 H 6 by Francis, Piper and Malkin (11) is 
34 . 0 A while a similar mixture of C18H87COOC2H6 and C21H48COOC2H5 has a (001) 
spacing of 32.5A. The melting point corresponds to that of C 20 H 41 COOCSH 5 , but is 
depressed due to mixing of compounds. 
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The ethyl ester of fraction (5) melted at 17“-18°C. after removal of some higher 
melting ester. The equivalent weight by saponification was 303. Corresponding 
values for Oi 7 H 86 COOC 2 H 6 and C 16 H 31 COOC 2 H 5 are: m.w. 312.5; m.p. 34.0T. and 
m.w. 284.5; m.p. 25®C., respectively. 

Francis, Piper and Malkin (11; determined the melting point for an equimolecular 
mixture of C 18 H 32 O 2 and C 18 H 36 O 2 acids to be 57.0°C. 

Micro Analyses, Some of the micro analyses reported in this work were made by 
Mr. C. H. Van Etten of the Northern Regional Research Laboratories through the 
courtesy of Dr. Reid T. Milner and others by Dr. Gertrude Oppenheimer of the 
California Institute of Technology through the courtesy of Dr. A. J. Haagen-Smit. 

Summary 

Lupeol esterified with a mixture of fatty acids is a major constituent 
of latex from Cryptostegia madagascariensis. Normal a-hydroxy fatty 
acids make up about 70% of the mixture. Lupeol apparently is derived 
from a precursor of rubber in the latex. 
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Letters to the Editors 


Note on Vitamins in Fungi 


The occurrence of some of the water-soluble, growth-promoting 
vitamins in fungi has been extensively investigated but the presence 
of the fat soluble vitamins has received little attention. In the current 
studies, determinations Avere made for the occurrence of the fat- 
soluble vitamins A, D and E, and also the Avater-soluble vitamin C. 
Assays Avere made of six fungi: AUemaria solani, ThieUma terricola, 
Rhizoctonia solani, Helminthosporium sativum, Fusarium montliforme, 
and Fusarium oxysporum f. lycopersici. The fungi were grown in 
Richard’s solution and the mycelia were obtained by filtering the media 
through cheese cloth. Excess moisture A\'as removed by blotting the 
mycelial mat Avith filter paper. Approximately 0.5 g. of fungus tissue 
Avas ground with powdered ^ass for each assay and specific methods of 
extraction for each analysis were carried out as described. 

Vitamin C determinations were made as described by Loeffler and 
Ponting (3) Avith the modification that a 0.3% solution of oxalic acid 
Avas used in the extraction. No reduction of dichlorophenol-indophenol 
Avas observed vdth any of the fungus extracts or with the media in 
AA'hich they AA'ere cultured. 

Vitamin A was determined by the Moore-Davis (6) procedure and 
vitamin D by the Brockmann and Chon (1) method. Vitamin E was 
assayed by two methods, the Emmerie and Engel (2) ferric chloride- 
dipyridyl, and the Meunier and Vinet (4) Prussian blue techniques. 
Extracts of pig liver and of Oleum Percomorphum Avere included in the 
vitamin A and D assays as checks on the methods. No vitamin A, 
carotene, or vitamin D was found in any of the fungi as indicated by 
the absence of the proper color changes Avith antimony trichloride. A 
deep violet color was obtained with the extracts of pig liver and the 
fish oil concentrate. 

Results obtained in the analysis for vitamin E were variable and 
depended on the method employed. The procedure of Emmerie and 
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Eiigt'I (2) showed the absence of the vitamin in all the fungi and its 
presence in wheat-germ oil and pig liver. It is based on the reducing 
properties of tocopherol toward ferric chloride and upon the color of 
fen-ous salt in the presence of dipyridyl. With the Meunier and Vinet 
(4) procedure, positive tests were obtained for Th. terricola and F. 
oxysporum f. lycopersid. This procedure is, however, general for 1,2- 
or 1,4-diphenols and compounds of this tsrpe could be present in some 
fungi. 
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Pyolipic Acid, a Metabolic Product of Pseudomonas 
Pyocyanea, Active Against Mycobacterium Tuberculosis 

In a recent report Davide (1) described the bactericidal effects of 
cultures of Ps, pyocyanea and B. proteus on M. tuberculosis and re- 
ported therapeutic results in infected animals. 

Chemical fractionation of the cultures of Ps. pyocyanea has yielded 
an acidic lipoid, which we have named “pyolipic acid.” This substance 
possesses most of the activity as determined by the procedure described 
by us (2). 

Pyolipic acid was obtained by extraction of the bacterial cells with 
suitable solvents and fractionation of the cmde lipoids by means of 
buffer extractions. 

The active fraction was a colorless, odorless, viscous oil readily 
soluble in all lipid solvents. The lead salt was insoluble in water but 
soluble in alcohol or ether. The neutralization equivalent averaged 
500. Using a synthetic medium more than 1 g. of pyolipic acid could 
be obtained from a liter of culture. Using the manometric technique it 
was found that 0.125 mg. of pyolipic acid inhibited the oxygen con- 
sumption of 3 mg. M. tuberculosis in 3.5 ml. of glycerine broth (dilution 
1:30,000). 

Acid or alkaline hydrolysis yielded about 75% of the material as 
ether-soluble acids while the remainder represented water-soluble 
products of carbohydrate nature. The acids were esterified with diazo- 
methane and subjected to vacuum distillation. Over 80% of the ma- 
terial distilled at 97®C. @ 0.9 mm. Analysis and molecular weight de- 
terminations established the formula as CnHaOj, = —18.9“. 
The presence of a hydroxyl group was demonstrated by the formation 
of a monoazoate, m.p. 43-44“. 

Saponification yielded a hydroxyacid (CioHsoOs) m.p. 46-47“; 
hydrazide m.p. 134-136“C. and S-benzylthiouronium salt m.p. 131- 
132“C. 
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When this hydroxydecanoic acid was treated with chromic acid at 
room temperature five atoms of oxygen were consumed per mole with 
the formation of n-octanoic (caprylic) acid and CO 2 . This finding thus 
proved that the main hydroxyacid of pyolipic acid is ( — ) /S-hydroxy-n- 
decanoic acid. 

This acid does not seem to have been isolated from natural sources 
before. Through the kindness of Dr. Stallberg-Stenhagen we obtained 
a sample of the synthetic di-jS-hydroxydecanoic acid, m.p. 56°C. 

This acid behaved in identically the same way on chromic acid 
oxidation and gave the same long X-ray spacing (3) as the natural acid. 

In the crude fatty acid fraction resulting from the saponification of 
pyolipic acid, small amounts of the lower and higher homologues, i.e., 
/?-hydroxyoctanoic and dodecanoic acids, also seem to be present. 

The aqueous phase remaining after ether extraction of the sulphuric 
acid hydrolysate did not reduce Fehling’s solution but ga\'e a red 
^lolisch reaction. 

After removal of the sulphuric acid with barium hydroxide, evapora- 
tion of the neutral solution yielded a hard light-brown glass. 

Treatment of this material in dry pyridine with azoyl chloride gave 
two crystalline azoates melting at 276-277® and 232-240®C., respect- 
ively. 

Further work on the characterization of these water-soluble split 
products is under way. A full report on the work reported here will Ijc 
published in Arldv Kemij ^fmeraL Geol. 

Deyartmenl of Biochemistry, 

Medical Nobel InstiiiUe and 
Central Municipal Bactenohgicdl LaJtwraiory, 

Stockholm. 

April 22, 1946 
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Hackh’s Chemical Dictionary (American and British Usage). Third Edition. 
Completely Revised and Edited by Juuns Grant, M.Sc., Ph.D., F.R.LC. The 
Blakiston Company, Philadelphia 5, Pa. 1946. 925 pp. Illustrated. 17 X 25 cm. 1$8.50. 

Tliis now edition of Hackh's Chemical Dictionary is the first to appear since the 
death of Dr. Ingo W. D. Hackh, its originator, in 1938. It has been completely re- 
vised by Dr. Julius Grant, its present Editor, who was a collaborator with Dr. Hackh 
in tho earlier editions. The number of pages has increased to 925 and the number of 
definitions to 57,000. There is no important departure from the objectives and scope 
of the earlier editions, except that the pronunciations have been omitted. Dr. Grant 
explains this omission on the ground that the pronimciations given have been of 
little use “since every chemist remains a law” unto himself in such matters.” 

This capitulation may have been unavoidable as a choice between two evils, but it 
is unfortunate. One of the admirable features of this dictionary has been the evident 
desire of the editors to maintain uniformity of usage throughout the English speaking 
world and particularly as between Britain and America. Certainly differences in 
pronunciation are outstanding dissimilarities in the languages of these two countries 
and are very much in need of any possible unifying influence. 

This edition, like the preceding ones, is as compendious as convenience and use- 
fulness permit; it maintains skillfully the difficult balance between an adequate 
chemical dictionary and a chemical encyclopedia. Its definitions are clear, simple and 
concise, yet there is an astonishing amount of information in a small compass. The 
printing and tho paper are excellent. 

Arthur B. Lamb, C’ambridge, Mass. 

Dietotherapy, Clinical Application of Modem Nutrition. Edited by Michael G. 
WoHL, M.D., Associate Professor of Medicine, Temple University School of Medicine 
and Chairman of the Advisory Committee on Nutrition, Philadelphia Department 
of Public Health. W. B, Saunders Co., Philadelphia, Pa., 1945. xxU -f 1029 pp. 
Price $10.00. 

This comprohensive volume, as tho title suggests, has been compiled primarily for 
those studying or practicing medicine. As stated in tho preface, “the science of nutri- 
tion has not in the past been part of medical discipline. ... It is therefore hoped 
that the present book will provide the practicing physician and tho student of medi- 
cine with a sound knowledge of both current advances in and practical applications 
of the rapidly expanding science of nutrition.” 

Fifty-eight contributors, most of them medical men, cooperated in this treatise. 
With so many authors the difficulties in obtaining congruity of style and interpreta- 
tion are obvious. Dr. Wohl, as editor, has done an admirable job of coordinating the 
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material to give a smooth-reading, logical presentation. Very few typographical 
errors wore noted in a careful reading of the book. Only in a few instances were con- 
trary viewpoints expressed by different authors — e.gf., on page 155 appears the state- 
ment that vitamin D probably influences calcium metabolism through some channel 
other thsin absorption, whereas on page 310 one reads that ''the most evident effect 
of vitamin D is to promote the absorption of calcium.” 

As a whole, the various subjects are expertly handled. Only in one chapter, dealing 
vith "Nutrition and the Athlete,” did the reviewer feel that the scientific standards 
fell dovm. Certainly the answers obtained from questionnaires sent to coaches and 
trainers of basketball teams cannot be regarded as constituting a sound scientific 
basis for devising the best diet for the athlete. 

In the foreword to the book. Dr. Russell M. Wilder points out the widespread 
growing interest in nutrition. He then deals briefly with several somew hat contro- 
versial aspects of nutritional science, including dietary requirements, factors which 
condition malnutrition, criteria for diagnosing deficiency states, diet therapy, and 
the use of vitamin preparations in food enrichment and as concentrates. Although ho 
stresses that these subjects demand much more research, he concludes with the 
statement that “it is inexcusable to fail to put to work immediately such knowledge 
as is now available and of proved worth.” 

The book is divided into three main portions: I. Normal nutrition (21 chapters); 
II. Nutrition in periods of physiologic stress (5 chapters); III. Nutrition in disease 
(18 chapters). Most chapters are accompanied by an extensive, up-to-date bibliog- 
raphy. 

The first section opens with a short outline of the functions of a normal diet and 
factors which influence the diet. Then, following a detailed description of the physiol- 
ogy of the gastrointestinal tract, the separate roles of water, carbohydrate, fat, 
protein, various mineral elements and the vitamins are discussed in logical order. 
Other chapters in this section which are of timely interest deal with the use of tracer 
(labeled) elements in nutrition studies, diagnostic methods for nutritional deficiencies, 
problems of nutrition in industry, and the influence of economic status and ignorance 
on the prevalence of malnutrition. Although jthe last two subjects deviate from the 
clinical approach evidenced in the preceding chapters, they are matters which 
definitely deserve more attention and cooperation on the part of the present-day 
physician. 

Part II stresses the special nutritional needs during such periods of stress as 
pregnancy, childhood growth, old age, infection and elevated physical activity 
(athletics). 

The third portion of the book deals primarily with the relation of nutrition to 
various pathological conditions. Included in this category ai*e: dental disturbances, 
digestive diseases, diabetes mellitus, nephritis, 'urologic diseases, cardiovascular 
disease, allergies, Addison's disease, anemias, diseases of the nervous system and 
infectious diseases. Obesity and leanness and the nutrition of the psychiatric patient 
are also discussed. Other chapters are devoted to the nutritional care of the surgical 
patient, the special problems arising from gastro-intestinal surgery, and the new use 
of amino acids as protein nourishment. 
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In an appendix, the editor has brought together mibcellaneous practical informa- 
tion for ready reference. Sample hospital diets and formulas for tube feedings arc 
presented. Various methods for preserving and processing foods are briefly discussed, 
together with suggestions for conserving the nutrients in foods. Other subjects in- 
clude: the composition and character of various foods (dairy products, meat, fish, 
cereals, fruits and vegetables, and beverages) ; a set of food charts showing the best 
dietary sources of certain vitamins, protein, calcium and iron; a table listing the 
nutrient composition of most commonly used foods; the approximate carbohydrate 
content of fruits and vegetables; suggestions for food substitutions; weight and 
capacity measures. An excellent report on the nutritional aspects of convalescent 
care, issued originally by the National Research Councirs Committee on Convales- 
cence and Rehabilitation, is reproduced in fulL 

The book contains 93 illustrations, numerous tables, and has a comprehensive 
subject index. 

The reviewer believes that this volume will prove of particular interest and value 
to the medical student and practitioner and will serve as a useful, up-to-date refer- 
ence work for specialists in related biological fields. 

Ross A. Gortnbr, Jr., Bethesda, Md. 

Die EmMhrungspliysiologishe Bedeutimg der Hefe. Beihefte zur Zeitschrift fur 
Vitaminforschung Nr. 4. By Dr. J, C. Somogyt. Medizinischer Verlag Hans Huber, 
Bern. 110 pp. 

This small volume is a factual and detailed review of the nutritional aspects of 
yeast and yeast extract. The author covers the literature to about 1942. There are 
a few references to work published in 1943. 

It ivas the author’s intention to summarize the data regarding the nutritional 
value and vitamin content of various types of yeast in order to encourage the use of 
yeast during normal times as well as during emergencies. 

The second chapter deals with the histology and chemistry of yeast. Reference 
is made to recent work on seroloipcal differentiation of yea&t and production of 
giant cells by means of chemical carcinogenic agents. The author includes some 
interesting photomicrographs %vith ultra violet illumination which claim to show a 
different internal structure of baker’s, brewer’s, and Torula yeast. A fairly thorough 
survey of the many substances which occur in yeast is presented. The occurrence 
of radioactive potassium and uranium and the several and varied nitrogen com- 
pounds is noted. S. fails to mention the unusual sulfur-containing sugar obtained 
from yeast by Japanese invesligators. The vitamin content of yeast is treated at 
length with emphasis on the absence of Vitamin A, the variation of thiamine content, 
and the relatively constant content of riboflavin and nicotinic acid. The occurrence 
of orgosterol in yeast is also discussed. The author does not treat of yeast enzymes 
because he believes that almost all enzymes known at present occur in yeast. 

In chapter III the obtention of brewer’s yeast and the manufacture of w’-ood 
sugar yeast and sulfite liquor yeast is discussed briefly. In the past the importance 
of yeast was due to its role in production of alcoholic beverages (baker’s yeast is 
overlooked), but S. believes tliat its future lies in its great ability to synthesize 
substances of biological importance. 
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Cliapter IV is a discussion of the methods for determining the nutritional value of 
proteins. The author is in accord \nth the view that the nutritional value of a protein 
depends on its content of essential amino acids but points out that questions of 
optimal proportion, availability, and the difficulties of amino acid determination, 
render the evaluation of a protein by analysis alone subject to great error. Ho does 
not mention or indicate that he is aware of the development in this country of 
microbiological methods for the determination of amino acids. 

Chapter V deals with chemical investigations concerning the amino acids and 
proteins of yeast. The author stresses the limitations of the chemical approach as 
regards the nutritive value of yeast but agrees that certain helpful data can be 
obtained. He cites, as examples, investigations which show that yeast is low in 
histidine and tryptophane and high in lysine as compared to animal proteins. Much 
data on amino acid content are given and a comparison of the yeasts produced by 
different methods, e.g. wood sugar yeast, molasses yeast, sulfite liquor yeast, is 
presented. 

Chapters VI and VII deal with biological determination of the nutritive value of 
3 ’cast protein and with other feeding experiments using dried yeast. The important 
problem of the taste of yeast is discui^ed at this point. In Germany during the 
first World War the housewife was forced to use yeast, but its use was discontinued 
at the first opportunity. S. attributes this fact to the objectionable taste of yeast 
and describes extensive work done to improve it. Many workers obtained products 
which were claimed to be palatable but often mass production was impractical or 
the product w'as unacceptable for other reasons. In any event yeast has not found 
wide-spread use in the household. 

The discussion of feeding experiments with dried yeasts is particularly critical 
and detailed. Experiments are described using sheep, swine, dogs and silver fox. 
The frequent errors of interpretation of the favorable effects of feeding a complex 
substance like yeast are discussed. He reviewrs at length unpublished experiments 
carried out in his laboratories on feeding yeast to growing dogs and hogs. He also 
studied the effect on the fat content of milk from cows fed yeast. 

The author devotes a chapter (VIII) to the recent work done on increasing the 
thiamine content of yeasts other than brewer^s yeast. Formerly brower^s yeast was 
usually slightly higher than other yeasts in thiamine content, but now Torula and 
baker's yeast can be produced to have a vastly superior content of this vitamin. 
This is accomplished by the addition of 2-methyl-4-amino-6-oxymethylpyridine and 
4-methyl-5-oxyethylthiazole to the growing yeast. S. attributes this work to German 
investigators, overlooking the commercial use of this process in this country to 
produce a high thiamine yeast (Fleischmann's). Priority on this process should bo 
given to Schultz, Atkin, and Frey (U. S. Patent No. 2,262,735 January 11, 1941). 

The final chapter review's investigations on yeast extract establishing that this 
substance is superior to moat extract both in quality and cost. The production, 
composition, and vitamin content arc also considered. A practical method of distin- 
guishing meat and yeast extract by means of ultraviolet spectroscopy is described. 

The inclusion of information on the use of yeast in Europe, either as a human or 
stock food immediately prior to or during World War II, would have greatly enhanced 
the value of this book. 
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One merit of this contribution to yeast literature is that it discusses and reviews 
many publications relatively unavailable in this country. 

Misspelling of proper names were the only errors noted. McCready is referred 
to as Cready, Heath as Heat, and C. A. Elvehjem as C. H. Elvehjem. The German 
is uncomplicated and the print and format are excellent. There are 301 references. 

William L. Williams, Bcthesda 14, Md. 

Biological Actions of Sex Hormones. By Habold Bubrows, C.B.E., Ph.D., 
F.R.C.S. Cambridge, at the University Press; New York, the Macmillan Company. 
1945. 514 pp. Price $8.50. 

The basic idea behind this comprehensive work was the preparation of a summary 
of present day knowledge of sexual endocrinology as it has developed from laboratory' 
experimentation. The clinical side of the subject is not considered. The author 
expresses the hope that the treatise will serve as a ‘^trustworthy . . . ioundation 
for further progress in both sex-hormone research and clinical practice.” This icview 
of the status of the entire field of sex-hormone biology (through 1944) by one author 
is of unique interest in that a definite coherence is manifest in the presentation of 
the subjec't matter. This is a quality which is seldom attained by grouping of mono- 
graphs by different authors, a common practice in recent years. The author has 
produced a very readable, well-documented assay. Considering the large mass of 
reference material (about 2000 citations), he is to be congratulated on the pertinent 
detail which he has woven into his summaries of experimental work. It is this char- 
acteristic which makes the book unusually valuable for reference piuposes. Through- 
out the work the author does not hesitate to present his own views, although contro- 
versial topics are presented in an unbiased manner. 

The book is divided into six parts; gonadotrophins, gonadal hormones, androgens, 
estrogens, progestins and the sex hormones of the adrenal cortex. Sex-hormone 
biology is a rapidly advancing subject and parts of any review of the subject will 
be out of date by the time it is printed. For example, recent isolation of several of 
the anterior pituitary hormones in pure form renders obsolete the detailed con- 
sideration of the question concerning the identity or non-identity of the follicle 
ripening and luteinizing hormones (pp. 12-17). However, this in no way detracts 
from the value of the book as a general reference work. The author’s own investi- 
gations in the sex-hormone field were carried on, under the auspices of the British 
Empire Cancer Campaign, at the Chester Beatty Research Institute of the Royal 
Cancer Hospital. In his discussion of estrogens he has included a valuable chapter 
on the factors involved in the causation of mammary cancer and also considers in 
some detail the role of Bittner’s milk factor. 

The book is equipped with a detailed Table of Contents and a thorough index 
(28 pages). A special indexing of new growths is employed under the two headings 
of ‘Cancer’ and ‘Tumours.’ A complete alphabetical list of references is also provided. 
The printing is excellent on a good grade of paper and the book is remarkably free 
from printing errors. 


J. J. Pfippner, Detroit, Mich. 




Horse Brain Thromboplastin 
m. Stabilization of Activity of Suspensions’” 

Louis A. Eazal, Aeme Higashi,! Millard DeYoung | 
and Richard H. Barnes 

Fmn the Departmeid of Btoehmistry, Medical Reaeardi Dwisian, 

Sharp and Dohme, Inc., GlmoMen, Pa. 

Received February 7, 1946 
Introduction 

Thromboplastin suspensions of brain tissue that are used for the 
determination of prothrombin by the one-stage method of Quick (1) 
rapidly lose their activity on standing at room temperature, whereas 
at refrigerator temperatures this loss is retarded to some extent. 
Brain suspensions that were stable at refrigerator temperatures for 
various periods of time ranging from 1 day to 6 months have been 
recorded (2a, 3, 4, 5, 6, 7). Storage at room temperature is more 
detrimental althou^, in one instance (7), it has been reported that a 
saline suspension of rabbit brain remained active for 6 months. 
Solutions of purified lung thromboplastin have been stabilized with 
1% sodium thiosulfate in sealed ampoules at room temperature for as 
long as 10 months; these thromboplastin solutions were oxygen- 
labile (8). 

In our laboratory thromboplastin suspensions prepared from 
acetone-dried rabbit and horse brains proved to be quite unstable and 
only occasionally retained their useful range of activity for more than 
1 day at room temperature and for only a few da 3 ^ at refrigerator 
temperatures. Since thromboplastin is widely used in clinical and 

* Some of Ihe data in this paper were preseated at the of the Philade^ilua 

Section of the American Chemical Sodety on July 13, 1945. 

t Present address: Department of Pharmacology, Western Reserve TJniverdty 
School of Medicine, Cleveland, Ohio. 

t Present address: University of Pennsylvania School of Dentistry, Philadelphia, 
Pa. 
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research laboratories for the determination of prothrombin, it was felt 
that the preparation of a stabilized thromboplastin suspension would 
be of some interest and value. 

Since dried brain powders gradually turn brown and lose their 
thromboplastic activity when exposed to air, presumably as a result 
of oxidation (2b), the possibility was considered that this same mecha- 
nism might also be responsible for the loss of activity of saline suspen- 
sions of brain powder. Accordingly, the effect of certain antioxidants 
on the stability of brain suspensions was investigated. However, 
subsequent observations suggested that bacterial contamination was 
partly, or perhaps entirely, responsible for this loss, and hence anti- 
septic substances were also studied. In this paper we wish to report 
the stabilizing properties of both antioxidant and antiseptic substances 
for the activity of thromboplastin suspensions prepared from horse 
and rabbit brain. 

Experimental Results 

The influence of various substances on the stability of thrombo- 
plastin suspensions of horse and rabbit brains were studied at room 
temperature (28®C. ± 4®C.) in order to simulate the conditions under 
which these reagents are used in the laboratory. The substance under 
investigation for its stabilizing action was dissolved in distilled water 
and added to the thromboplastin suspension (equal volumes). A 
control suspension diluted with an equal volume of water but con- 
taining no stabilizing agent was included in each experiment. The 
control and treated suspensions were placed in stoppered vials or test 
tubes, and their thromboplastic activity obtained at intervals by 
determining the clotting time of citrated human plasma by the one- 
stage method of Quick. Since all the factors involved in this determi- 
nation except the thromboplastin suspension were constant, the 
clotting time of the plasma was taken as a measure of thromboplastic 
activity. 

Stabilization of Thromboplastic Activity vnth Hydroquinone. The 
addition of 0.5% hydroquinone to a suspension of horse brain thrombo- 
plastin produced a marked increase in its stability. Whereas the 
control suspension lost considerable activity in a few days, the clotting 
time of the treated suspension remained at its initial level for 5 days 
in spite of the fact that, at the start of the experiment, the hydro- 
quinone caused the clotting time to increase by 2 seconds over that 
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of the control suspension. This sli^t initial inhibition produced by 
the hydroquinone was not obtained in all such preparations. 

The optimal stabilizing concentration of hydroquinone likewise was 
determined with horse brain thromboplastin (Fig. 1). In evaluating 
these optimal concentrations two factors were considered, namely, 
the influence of the agent on the initial clotting time, and the length 
of time during which the clotting time was maintained at the initial 
control level. Very low concentrations of the antioxidant (between 



Fra. 1 

The Effect of Various Concentrations of Hydroquinone on the Activity of Thrombo- 
plastin Suspensions of Horse Brain Powder Stored at Room Temperature 

0.005% and 0.05%) were ineffective. In fact, these concentrations 
appeared to accelerate the destruction of thromboplastic activity. 
Suspensions containing 0.25% to 2.0% all exhibited a marked stability 
in comparison to the control. In this experiment a slight inhibitory 
effect on the clotting time was produced by the presence of 1.0% and 
2.0% hydroquinone. No such inhibition was observed with the optimal 
concentration of 0.25% and 0.5% hydroquinone, which stabilized the 
thromboplastic activity at the initial level of the control for a period 
of 4 days. 
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The protective action of hydroquinone was not displayed in a 
thromboplastin suspension of horse brain held at 56®C. in a water 
bath (Table I). At this temperature, control and treated suspensions 
both lost their actmty quite rapidl}"; in fact, the destruction of 
thromboplastic actmty was accelerated slightly by the presence of 
the hydroquinone. Apparently the mechanism involved in the de- 
struction of thromboplastin at 56®C. is different from that of storage 
at room temperature. 


TABLE I 


Inactivation of Horse Brain Thromboplastin Suspension at 56^C, 


Time — ^Minutes 

Clotting Tunes (seconds) 

Control 

0.5% Hjrdroqmnone 

0 

16.3 

16.6 

15 

18.3 

20.1 

30 

20.1 

22.3 

60 

24.3 

27.2 

120 

40.7 

47.2 


Stabilization of Activity with Other Antioxidants and with Antiseptics, 
Early in these studies the obser\’ation was made that suspensions of 
thromboplastin which had lost most of their activity after standing 
at room temperature had putrified. The possibility that the destruction 
of thromboplastin was caused by the growth of microorganisms seemed 
plausible, because aseptic technics were not employed in the prepara- 
tion of either the dry brain powders or their suspensions, and bacterio- 
logical tests showed the presence of both gram-positive and gram- 
negative bacilli and yeasts in the dry brain powders. Therefore, the 
effects of antiseptics on the stability of thromboplastin suspensions 
were investigated. 

Tables II and III list the various agents used in these studies with 
their concentrations, and summarize the results of 5 experiments. 
The substances tested are arranged in the order of their effectiveness, 
which arbitrarily was measured by the number of days required for 
the clotting time of each treated suspension to increase 4 seconds 
over the clotting time of the same suspension before storage at room 
temperature- The variation in the clotting time produced by the 
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TABLE II 


The Stabilizing Efed of Varioits Agente on the Actwity of 
Horte Brain Thromboplastin Stispensuma 


Agent 

Experi- 

ment 

No. 

Concen- 
tration 
per cent 

Clotting Time 
(seconds) of 
suspension at 
zero time 

Stabili^ 

Indetf*^ 

Days 



Control 

Treated 

1. Phenylmercuric nitrate 

5 


17.3 

17.4 

31 

2. Sodium ethylmercurithiosalicylate 

4 


17.4 

17.8 

16 

3. Hydroquinone 

5 

0.5 

! 17.3 

18.2 

16 


1 


17.4 

19.2 

10 


2 


17.4 

16.8 

7 


3 


16.7 

17.3 

6.5 

4. Mercuric chloride 

5 


17.3 

25.9 

14!5 

5. Catechol 

4 


17.4 

18.6 

11 

6. Pyrogallol 

4 


17.4 

18.0 

10 

7. Kordihydroguiaretic acid 

5 


17.3 

16.9 

9 

8. Sulfamlamide+Hydroquinone 

3 


16.7 

19.5 

9 

9. Sulfanilamide 

3 


16.7 

17.8 

8 

10. Phenol + Hydroquinone 

3 


16.7 

18.5 

6.5 

11. Phenol 

3 


16.7 

16.8 

5 

12. Hexylresorcinol 

6 


17.3 

22:6 

2.5 

13. Tsrrothrycin 

6 


17.3 

17.4 

2 

14. Sodium Propionate 

4 

0.8 

17.4 

17.7 

2 

16. Thymol 

6 

sat. 

17.3 

19.6 

1.5 

16. a-Tocopherol 

6 

sat. 

17.3 

17.5 

1 

17. Controls (no agent added) 

1 

— 

17.4 


1 


2 

— 

17.4 


0.5 


3 

— 

16.7 


0.5 


4 

— 

17.4 


0.5 


6 

— 

17.3 

B 

2.5 


* Days requited for clotting time to increase by 4 seconds over tbe initial clotting 
time of the treated suspention. 

presence of some of these agents was eliminated by determining the 
index of stability in this manner. Except for hydroquinone, the 
optimal concentration of the stabilizing substance may not have been 
employed. However, an attempt was made to use those concentrations 
commonly employed for preventing contamination (1, 2, 4, 11, 12 in 
Table II, and 3, 4 in Table HI), or, as in the case of nordihydro- 
guiaretic acid, were considered optimal for their antioxidant effects. 
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The limiting solubility of other substances (9, 13, 14, 15, 16 in Table 
II and 5 in Table III) determined the concentration employed. The 
stabilizing effect of nordihydroguiaretic acid and phenylmercuric 
nitrate, illustrated in Fig. 2, exemplify the results obtained in a 
typical experiment. 

TABLE III 

The Stabilizing Effects of Various Agents on the Actimiy of 
Rabbit Brain Thromboplastin Suspensions 

(Experiment No. 5) 


Agent 

Concentration 

1 per cent 

Clotting time 
(seconds) of 
treated suspen- 
sions at zero 

Stability 

Index* 

Days 

1. Hydroquinone 

0.5 

12.3 

28 

2. Nordihydroguiaretic acid 

0.1 

12.3 

21 

8. Hexylresorcinol 

0.1 

14.7 

20 

4. Phenylmercuric nitrate 

0.01 

12.8 

16 

6. Thymol 

Sat. 

11.8 

5 

6. CJontrol 

— 

12.3 

1 


* Days required for clotting time to increase by 4 seconds over the initial clotting 
time of the treated suspension. 


The results of these experiments indicated that certain antioxidants 
and antiseptics were potent stabilizing agents. For horse brain throm- 
boplastin suspensions, the mercurial antiseptics appeared to be some- 
what more effective than the antioxidants, but the reverse seemed to 
be true for rabbit brain thromboplastin suspensions. In view of the 
variability of the results obtained with hydroquinone (experiment 1, 
2, 3, 5 in Table I), no claims can be made for the exact order of stabil- 
izing power. However, the most effective antiseptics and antioxidants 
appeared to be phenylmercuric nitrate, sodium ethylmercurithio- 
salicylate, hydroquinone, nordihydroguiaretic acid, hexylresorcinol and 
mmrcuric chloride. The two latter substances are effective, but are 
not desirable stabilizers as they exert an appreciable inhibitory action 
on the blood clotting mechanism. The inability of thymol and a- 
tocopherol to stabilize thromboplastin suspensions may have been 
due to their low solubility in water. 
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Discussion 

The experiments on the protective action of antioxidants and anti- 
septics did not identify clearly the mechanism responsible for the 
destruction of thromboplastic activity observed in suspensions held 
at room temperature. Since antioxidants and antiseptics were effective, 
it would appear that two factors were involved, namely, bacterial 



TIME - DAYS 
Fig, 2 


The Stabilizing Effect of 0.1% Nordihydroguiaretic Acid (NDGA) and 0.01% 
Phenylmercuric Nitrate (PMN) on tiie Thromboplastic Activity of Sahne 
Suspensions of Horse Brain Stored at Room Temperature 

destruction and oxidation. Apparently, the microbiological factor has 
not been recognized before. On the other hand, the oxygen-lability of 
purified solutions of lirng thrombokinase was observed by Marx and 
Dyckerhoff (8), who were able to stabilize their solutions for a period 
of 10 months by adding 1% sodium thiosulfate and storing the treated 
solution in sealed ampoules. In our experiments, the weight of evidence 
favors the hsrpothesis that bacterial destruction is the important 
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factor. Two lines of evidence may be cited: (1) phenylmercuric nitrate, 
which is not an antioxidant, is an excellent stabilizing agent, and (2) 
most antioxidants of the quinone t 3 rpe exert an antiseptic action as 
well as an antioxidant action (9). Therefore, the results could reason- 
ably be explained by assuming that the antioxidants prevented the 
growth of the microorganisms responsible for the destruction of the 
active clotting substance. This point of view is well supported by the 
obseiwation that large numbers of organisms appeared in most sus- 
pensions about the time that activity started to decline. Gram-stained 
slides prepared from these suspensions revealed the presence of gram- 
positive and gram-negative bacilli and cocci, yeasts and molds, and, 
in many instances, combinations of these types. Simultaneously with 
the appearance of large numbers of these organisms the suspensions 
became putrid and reacted alkaline. Exceptions to these observations 
were found in those suspensions treated with thymol, hexylresorcinol 
and mercuric chloride. The loss of thromboplastic activity in these 
was presumed to be the result of a chemical action. 

The possible role of oxidation as a supporting mechanism for the 
inactivation of thromboplastin cannot be entirely disregarded, because 
under identical conditions antioxidants appeared to be somewhat 
more effective stabilizing agents for rabbit brain thromboplastin than 
for home brain thromboplastin, although this may have been due to 
the presence of a bacterial contaminant(s) of greater or lesser resistance 
to a specific stabilizing agent. A few attempts were made to study 
the stabilizing effect of antioxidants in sterile suspensions of thrombo- 
plastin, i.e., under conditions in which the microbiological factor would 
be eliminated. Unfortunately, the sterilization of a thromboplastin 
suspension (horse brain) was always accompanied by some loss of 
activity. Filtration through Seitz and Hermann sterilizing pads 
resulted in complete loss of activity. Steam sterilization produced 
only partial destruction; such sterile suspensions coagulated human 
plasma in approximately 30 seconds. It was necessary to employ very 
short periods of exposure to the steam (0 to 15 lbs. pressure; total 
exposure time, 5 minutes); otherwise the loss of activity was too 
great. These sterile, but partially inactivated, suspensions did not 
prove to be at all stable at room temperature. The presence of 0.1% 
nordihydroguiaretic acid in such sterile suspensions appeared to offer 
some protection (about 3 days). It is doubtful whether any conclusions 
can be dra^vn from these experiments with sterile suspensions as to the 
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role of microbiological destruction or non-biological oxidation in the 
inactivation of thrombopiastic suspensions, since the influence of 
high temperature on the properties of aged thromboplastic suspensions 
are not known. 

Two of the better stabilizers, nordihydroguiaretic acid and sodium 
ethylmercurithiosalicylate, were studied to determine whether their 
presence would interfere with the determination of prothrombin by 
the one-stage method of Quick. The clotting times of various dilutions 
of citrated human plasma representing concentrations between 100% 
and 5% prothrombin were essentially the same at each prothrombin 
level, regardless of the presence or absence of these substances. The 
average difference in the clotting times between the control and 
stabilized thromboplastin preparations for all levels of prothrombin 
was 5.4% (range — 7.0 to 4- 7.0%). This indicated that these two 
substances probably will not interfere with the clinical determination 
of prothrombin. 


Experimental Details 

The acetone-dried rabbit brain powder was prepared according to the method of 
Quick (10); the acetone-dried horse brain powder, by our modibOication of Quick’s 
procedure (11). Saline suspensions of each thromboplastin were prepared as described 
by Quick (1), except that the suspensions were centrifuged for 30 seconds. The 
substances to be studied for their stabilizing capacity wore dissolved in distilled 
water (except for oi-tocopherol and thymol) and added to the suspension of thrombo- 
plastin (equal volume), so that the concentration of thromboplastin in the final 
sxispcnsion was half that used by Quick. Control suspensions wore diluted with an 
equal volume of distilled water. The clotting times of the rabbit brain suspensions 
did not change upon dilution with water but, as a rule, horse brain thromboplastin 
suspensions arc more active after dilution with an equal volume of distilled water (12). 

Clotting time determinations wore made by the one-stage method of Quick (1) 
using a 0.134% calcium chloride solution, the optimal concentration for our plasma 
(12). One sample of pooled (10 bleedings) citrated human plasma (50 cc. 4.0% 
sodium citrate + 500 cc. of blood), preserved in t»he frozen state at — 20®C3., was 
employed in all experiments. The prothmmbin time of the frozen plasma remained 
constant in the range of 16.5 t»o 17,5 seconds when horse brain thromlmplastin 
was used. 


Summary 

1. The stability of thromboplastin suspensions of horse and rabbit 
brains stored at room temperature was investigated. The majority of 
these suspensions lost considerable activity in 1 day or less. 
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2. Antioxidants and antiseptics stabilized the suspensions for various 

periods of time. The most effective agents were phenylmercuric 
nitrate, sodium ethylmercurithiosalicylate, hydroquinone, nordihydro- 
guiaretic acid, hexylresorcinol and mercuric chloride. The last two 
substances were not considered satisfactory stabilizing agents, because 
they produced a large initial loss of activity, making such suspensions 
of little value as thromboplastic reagents for the determination of 
prothrombin. • 

3. The results indicated that the inactivation of thromboplastin was 
due to its destruction by microorganisms, since antiseptics and anti- 
oxidants possessing antiseptic properties were effective stabilizing 
agents. The demonstration of the presence of microorganisms in most 
of the suspensions and the correlation of loss of activity with the 
appearance of large numbers of organisms strongly support this view. 
The possible role of oxidation as an additional factor involved in the 
loss of thromboplastic activity was discussed. 

4. Hydroquinone does not prevent the rapid loss of thromboplastic 
activity taking place in suspensions heated at 66®C. 
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Introduction 

The thromboplastic activity of dried brain preparations, from which 
active blood clotting extracts can be prepared for the determination 
of prothrombin, gradually declines at room temperature in the presence 
of air. According to Quick the activity of acetone-dried rabbit brain 
can be maintained indefinitely by storing the brain powder in the 
absence of air either under nitrogen or in vacuo (1, 2a). Apparently, 
better results were obtained by employing refrigerator tempera- 
ture as well as vacuum (2b). The loss of potency in the presence 
of air was ascribed to the oxidation of an unsaturated component of 
the cephalin moiety of the thromboplastic molecule. Thromboplastic 
saline extracts desiccated by the lyophile technic and maintained 
under vacuum (3, 4) and at 5®C. under vacuum (5) likewise were 
stable. Desiccated rabbit brain has been stored in tightly-stoppered 
bottles at refrigerator temperatures without loss of potency for several 
months (6, 7), while similar preparations lost activity after 154 days 
of storage at room temperature (6). 

The widespread use of thromboplastin in clinical and research 
laboratories prompted us to study means of stabilizing the activity of 
dry preparations. From the practical viewpoint, the conditions of 

* Some of the data in this paper were presented at the meetings of the Philadelphia 
Section of the American Chemical Society on July 13, 1946. 

t Present address: Department of Pharmacology, Western Reserve University 
School of Medicine, Cleveland, Ohio. 

t Present address: Univerrity of Pennsylvania School of Dentistry, Philadelphia, 
Pa. 
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storage described above, i.e., vacuum, nitrogen or low tempeiatures, 
apparently are satisfactory; at least no objections have been noted. 
That these conditions could be improved might be surmised from the 
recommendation of Quick (2, b) that both vacuum and low temperature 
.should be used for storage. In view of the instability of thromboplastin 
on storage in the dry state, it was felt that a search for suitable stabil- 
izing agents might prove of interest. 

Expehimental Results 

The investigation of the stability of horse brain thromboplastin 
followed two lines of approach, namely, (1) preservation of thrombo- 
plastic activity by exclusion of air from the storage container, and 
(2) preservation of activity in the presence of the limited quantity 
of air present in the container by means of antioxidants. The thrombo- 
plastic activity of the stored samples of dried horse brain powder was 
determined at intervals by obtaining the clotting time of citrated 
human plasma by a modification of the one-stage method of Quick (9). 
Since the thromboplastin was the only variable in the test, the clotting 
times obtained were taken as a measure of thromboplastic activity. 

Stability under Vacuum and Gas. The activity of horse brain throm- 
boplastin stored as a dry powder under vacuum, carbon dioxide and 

TABLE I 

The Stability of Horse Brain Thromboplastin Powder Stored at Room Temperature and 
6^C. Under Vacuum and Certain Oases in Sealed Glass Tubes 


Clotting Time (Seconds) 


Time m 
Dstys 

Vacuum 

S^C. II.T. 

Nitrogen^ 

5°C. R.T. 

Nitrogen^ 

5«C. R.T. 

Nitrogen* 

5®C. R.T. 

Carbon Dioxide 
6*C. R.T. 

0 

16.8 

16.8 

16.8 

16.8 

16.8 

16.8 

16.8 

16.8 

16.8 

16.8 

30 

17.0 

16.7 

17.4 

16.9 

17.4 

17.5 

16.7 

16.6 

16.3 

16.5 

60 

16.9 

16.0 

16.2 

19.6 

16.7 

18.6 

16.3 

16.8 

17.4 

16.9 

127 

16.3 

16.3 

17.0 

23.8 

16.8 

21.1 

16.6 

17.7 

10.4 

17.8 

181 

16.2 

16.0 

16.5 

22.0 

16.0 

22.2 

15.9 

17.2 

16.5 

17.5 

309 

17.1 

— 

18.4 

24.8 

18.6 

23.3 

17.1 

18.8 

16.8 

22.3 

414 

18.5 

— 

16.5 

27.7 

16.3 

25.8 

15.2 

23.3 

15.9 

17.6 


^ Each tube was alternately evacuated and filled with nitrogen three times before 
sealing. 

* Each tube was evacuated and filled with nitrogen once before sealing, 

* The air in each tube was merely displaced with nitrogen. 
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nitrogen in sealed glass test tubes at 5®C. and room temperature was 
studied over a period of approximately one year (Table I). At 5®C. 
the thromboplastin proved to be very stable; there was essentially 
no change of activity in any group of samples during this time. How- 
ever, at room temperature some loss of activity was found in those 
samples stored under nitrogen. Peculiarly enough, in the groups of 
samples where an attempt had been made to remove the last traces 
of air by alternately evacuating and filling the container with nitrogen 
a number of times, the thromboplastin proved to be less stable than 
in the group where the air was merely displaced with nitrogen at 
atmospheric pressure. At room temperature in the presence of carbon 
dioxide or vacuum the brain powder retained its activity at approxi- 
mately its initial level. 

Stabilization with Antioxidants. In the presence of air at room 
temperature, hoi’se brain thromboplastin eventually lost its activity 
and, in the course of only a few weeks, could no longer be considered 
an active clotting agent. This loss of activity was retarded remarkably 
by the addition of an antioxidant to the dried horse brain powder. 
The effectiveness of the antioxidant was dependent upon the manner 
in which it was incorporated in the brain powder. A mixture of hydro- 
quinone and brain powder prepared by thorough grinding in a glass 

TABLE II 


The Effect of Htjdroquinone on the Throwboplastic Actwitij of House Brain Powder 
Stored at Room Temperature 


Ptepaiaiion 

Storage Time 

Clotting Time (Seconds) 

Clontrol 

14.2% 

llydroquiiione 

Hydroquinone mixed wilh l)rain 

0 

16.3 

18.0 

powder in a mortar 

16 

19.7 

19.7 


32 

23.6 

20.1 


53 

24.7 

21.6 


281 

48.1 

25.4 

Hydroquinone added to the brain 

0 

16.2 

19.0 

powder by acetone-vacuum 

8 

19.8 

19.1 

distillation procedure 

24 

21.2 

19.3 


45 


19.3 


273 

45.4 

20.5 
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mortar was more stable than the brain powder itself when both were 
stored at room temperature in tightly stoppered jars (Table II). 
However, the stabilizing effect was only temporary. When the dried 
brain powder was treated with an acetone solution of hydroquinone, 
and the acetone subsequently removed by vacuum distillation, the 
resultant mixture, in which the hydroquinone was dispersed homo- 
geneously throughout the brain powder, retained its thromboplastic 



TIME - DAYS 
Fio. 1 

The Kffect of 14.2% Hydroquinone (HQ), 3.2% Nordihydroguiaretic acid (NDGA) 
and 0.33% Phenylmorcurio Nitrate (PMN) on the Thromboplastic Activity of 
Acetone-Dried Horse Brain Powder Stored at Room Temperature. The curves 
dedgnated as control and acetone control represent, respectively, untreated acetone- 
dried horse brain and acetone-dried horse brain subjected to the same acetone 
treatment used to incorporate the stabilizing agents. 

activity for at least 9 months. The clotting times obtained with the 
latter preparation were a few seconds higher than that of the control 
at zero time but, nevertheless, remained at this level unchanged for 
9 months. 

Other experiments, in which the acetone procedure for adding 
antioxidants to dry brain powder was employed, substantiated the 
stabilizing effect of hydroquinone and certain other antioxidants. The 
course of a typical experiment is illustrated in Fig. 1. Nordihydro- 
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guiarctic acid (NDGA), an excellent antioxidant for fats and oils (10), 
was as effective as hydroquinone and, in addition, did not produce 
the slight initial increase in the clotting time that was almost always 
observed with hydroquinone. Control preparations of dried horse 
brains, including one that had been subjected to the acetone treatment 
in the absence of any antioxidant (acetone-control), rapidly last their 
activity in comparison to the antioxidant-containing powders. Phenyl- 
mercuric nitrate (PMN), a substance that presumably has no anti- 
oxidant powers, was included in this experiment in order to contrast 
its role in the stabilization of saline suspensions of thromboplastin (11) 
with its expected lack of stabilizing power in dry thromboplastin 
preparations, and to serve as an additional control for the experiment. 
It did not prove to be a stabilizing agent for the dried brain powder. 

In general, the effects observed above were confirmed in other 
experiments (Table III). NDGA and hydroquinone afforded complete 
protection for as long as 9.5 months. A reduction in the hydroquinone 
concentration from 14.2% to 7.6% did not impair its ability to preserve 
activity for at least a period of 5.5 months, and furthermore did not 
cause the clotting time to increase as did the higher concentration. 
However, Z-ascorbyl palmitate, a stabilizer for fats and oils (10), did 
not appear to bo an effective agent for horse brain thromboplastin. 
In fact, it accelerated the destruction of thromboplastic activity and, 
in combination with NDGA, it partly nullified the effectiveness of 
the latter. The antiseptic substance, sodium ethylmercurithiosalicylate 
(SET), appeared to act in somewhat the same manner as phenyl- 
mercuric nitrate, described above. The presence of phenylmercuric 
nitrate and sodium ethylmercurithiosalicylate in powders containing 
NDGA did not impair or improve the stabilizing action of the latter 
substance. 

The optimal concentration of the stabilizing agents studied here 
was not determined. The concentration employed in the dry powder 
was in some cases based on the experimental data obtained in the 
preceding paper (11), the amount of agent incorporated in the dry 
powder being such that the final concentration in the saline suspension 
was approximately the same as that previously used for the saline 
suspensions. However, the antiseptic substances in most instances 
were added to the brain powder in such quantities that their concen- 
tration in the suspension was approximately ten times that previously 
employed. 
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TABLE III 


Stabilization of Thrombo plastic Activity of Desiccated Horse Brain 


Experimeat 

Number 

Stabilizing 

Agent* 

Per cent agent 

Clotting Time (Seconds) 

Duration of 

in dry brain 
powder 

At 

Start 

At 

Conclusion 

Experiment 
in Months 


None 



15.5 

86.3 



HQ 

14.2 

19.6 

17.4 


1 

NDGA 

3.2 

15.6 

16.9 

9.5 


PMN 

0.3 

15.6 

79.0 



Control 

— 

16.7 

40.8 



HQ 

7.6 

16.9 

17.2 



NDGA 

3.2 

16.7 

17.2 



PMN 

3.2 

16.8 

52.9 


2 

SET 

3.2 

17.3 

43.6 

5.5 


NDGA-fZ-AP 

3.2+3.2 

18.1 

29.7 



NDGA-fZ-AP 

/3.2-l-3.2\ 

18.1 

35.3 



+PMN 

1+0.3 / 



Control 

— 

16.9 

46.8 



NDGA 

3.2 

16.2 

18.1 


3 

NDGA+PMN 

3.2+0.3 

15.4 

18.0 

5.8 


Z-AP 

3.2 

17.1 

78.0 



Control 



15.8 

35.2 



NDGA 

3.2 

15.9 

16.3 


4 

SET 

3.2 

15.1 

27.2 

3.0 


NDGA+SET 

3.1+3.1 

15.4 

16.1 



* The following abbreviations were employed: NDGA = nordihydroguiaretic acid, 
PMN = phenylmercurio nitrate, HQ = hydroquinone, Z-AP « Z-ascorbyl palmitatc, 
SET — sodium ethylmercurithiosalicylate. 

It had been demonstrated previously (11) that most of these 
substances could stabilize thromboplastin suspensions when they were 
added directly to the final saline suspension of the acetone-^ried horse 
brain powder. The question arose whether these same stabilizing 
agents, when incorporated in the dry brain powder, would likewise 
be able to preserve the activity of saline suspensions prepared from 
the treated brain powders. Accordingly, saline suspensions were made 
from the preparations listed in Table III, and their stability was 
determined. These studies were made on each preparation before it was 
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2 days old and not with aged brain powders. Surprisingly enough it was 
found that suspensions prepared from PMN-, NDGA- and PMN 
+ NDGA-treated brain powders were not very stable, while those 
prepared from SET-, HQ- and SET + HQ-treated powders had 
retained their activity as previously observed. 1-Ascorbyl palmitate- 
treated brain powders were inactive. Data on NDGA, SET and a 
miirture of these 2 substances are presented in Table IV. Here the 

TABLE IV 


The StabUily of Thromhoplaetin Suspensione Prepared From Horae Brain Powder 
Treated with NDGA and Sodium EthylmercurUhiosalicyUUe (SET) 


Time in Days 

Clotting Time (Seconds) 

Acetone Control 

NDGA 

SET 

NDGA + SET 

0 

15.8 

15.9 

15.1 

15.4 

5 

16.3 

16.1 

16.8 

16.4 

8 

73.6 

36.5 

16.5 

16.7 

14 

90.7 

85.3 

16.5 

16.1 

19 

89.0 

79.0 

16.0 

18.4 


loss of activity in the case of NDGA is the same as that of the control, 
while the presence of SET provided a stabilized suspension either in 
the presence or absence of NDGA for at least 14 days. Incidentally, 
the control was active for 5 days, which was the longest fully active 
period ever observed by ns for an untreated horse brain thromboplastin 
suspension. Mont suspensions do not last longer than 1 to 2 days. 

Discussion 

Horse brain thromboplastin, like rabbit brain thromboplastin, can 
be stored under vacuum either at refrigerator or room temperatures 
\vithout loss of activity. Our experiments indicate that carbon dioxide 
is equally effective. Nitrogen was not very satisfactory for preserving 
the activity of desiccated horse brain stored at room temperature, 
but this may have been due to the oxygen content of commercial 
nitrogen. At refrigerator temperatures similar preparations stored 
under nitrogen were stable. In our experience the destruction of 
thromboplastin in the presence of the oxygen of air is practically 
zero at low temperatures. For example, acetone-dried preparations of 
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horse and rabbit brain have been stored at — 20°C. for periods of 
two and five years respectively with no loss of thromboplastic potency, 
whereas at room temperature destruction was comparatively rapid. 
The importance of low temperatures for the preservation of thrombo- 
plastin is amply borne out by these observations and those of others 
(6, 7). 

The loss of thromboplastic activity that takes place at room temper- 
ature can be prevented for at least 9.5 months by incorporating an 
antioxidant such as hydroquinone or NDGA in the dry brain powder. 
A homogeneous distribution of the antioxidant was essential for 
effective stabilization. For practical purposes, either 3.2% NDGA or 
7.6% hydroquinone appeared to be satisfactory. The color of these 
stabilized powders did not change, whereas preparations containing 
inactive stabilizing agents, such as Z-ascorbyl palmitate, phenyl- 
mercuric nitrate, and sodium ethylmercurithiosalicylate gradually 
turned to a darker tan or brown color. 

The increased destruction of thromboplastic activity produced by 
Z-ascorbyl palmitate remains unexplained. Saline suspensions of brain 
powder containing this substance were slightly more acid (pH 5.4) 
than control suspensions (pH 6.5). This suggested that perhaps a 
splitting of the antioxidant molecule into palmitic and ascorbic acid 
took place in stored suspensions. It has been demonstrated that an 
optimal pH level for the determination of the clotting time by the 
one stage method of Quick (12) exists. The possibility that the low 
pH of the suspension from the aged Z-ascorbyl palmitate preparation 
(6.5 months old) was responsible for the abnormally prolonged clotting 
time was checked. Adjustment of the pH of the suspension from 5.36 
to 6.8 changed the clotting time from 89.4 seconds to 79.6 seconds. 
Apparently the acid reaction observed with this preparation did not 
greatly influence the results obtained in the stability studios. The pH 
change found in the Z-ascorbyl palmitate preparations was not observed 
in other preparations except in the control and in sodium ethylmercuri- 
thiosalicylate-treated preparations of experiment 2 (Table III), where 
the pH dropped as low as 6.0. Adjustment of the pH to a normal 
value (6.5) did not influence the clotting times of these preparations. 

The stabilization of dry thromboplastin powders offers the investi- 
gator and clinician a preparation with constant activity, or at least 
one that is much less apt to change its activity on storage. This is 
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an advantage in so far as it tends to eliminate the necessity for too 
frequent checks on the activity of a particular batch of thromboplastin. 
An additional advantage may be found in the thromboplastins con- 
taining both antioxidants and antiseptics. Our experiments indicated 
that, by incorporating a suitable antiseptic with the antioxidant, the 
saline suspensions ultimately prepared from these preparations were 
stabilized for two weeks. Sodium ethylmercurithiosalicylate proved to 
be a suitable antiseptic for this purpose while phenylmercuric nitrate 
did not. The lack of stabilizing power for saline suspensions exhibited 
by phenylmercuric nitrate and NDGA when incorporated in the dried 
brain preparations may be the result of poor solubility in aqueous 
systems, or perhaps may be due to their adsorption on some of the 
protein that is removed from the suspension by centrifugation. 

The stabilization of the acetone-dried brain powder by means of 
antioxidants indicates that oxidation is involved in the loss of thrombo- 
plastic activity on exposure to air at room temperature. Lein and 
Hays (8) recently reported that hydroquinone preserved the thrombo- 
plastic activity of phospholipid preparations of beef brain which were 
subject to loss of thromboplastic activity on standing under similar 
conditions. 


Experimental Details 

The acetone-dried horse brain powder was prepared according to our modification 
of Quick’s procedure for rabbit brain (9). 

In the experiments involving the preservation of thromboplastic activity under 
vacuum and gases, 120 mg. quantities of desiccated brain powder were stored in 
flame-sealed pyrex glass test tubes. Vacuum of a few minutes duration was supplied 
by a ‘Ceiico’ Hyvac Pump. Nitrogen and carbon dioxide were introduced into the 
tubes by alternately producing a vacuum and allowing the gas 1.0 flow in, followed 
by evacuation and refilling for a total of three such cycles. In one case, only two 
cycles were employed for nitrogen and, in another, the air was merely displaced 
from tlie tube with nitrogen at atmospheric prtvssurc. The sealed tubes were stored 
at 5®C. and room temperature, and their activity determined at intervals. 

For studies of thromboplastic activity at room temperature in the presence of 
air, 10 g. aliquot protions of acetone-dried horse brain powder were suspended in 
25 to 50 cc. of acetone solutions of the stabilizing substances studied. The mixture 
was thoroughly agitated for 10-30 minutes in a stoppered round bottom flask and 
the acetone removed by vacuum distillation. As additional assurance that all of 
the acetone was removed, the preparations were held in a vacuum oven overnight 
at room temperature. The dried preparations were stored in tightly stoppered jars 
closed with metal caps containing waxed linings. The stabilizing agents studied 
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were soluble in acetone, except phenylmercuric nitrate, which was only partially 
soluble. In the latter case, the PMN suspension in acetone was warmed a little to 
increase slightly the solubility of the antiseptic substance. 

Thromboplastic activity was determined by the one-stage method of Quick (13), 
except that in the preparation of the suspension a shorter period of centrifugation 
(30 seconds) was employed, and the resultant extract was diluted with an equal 
volume of water. 0.184% CaClj solution was used instead of 0.277% as recommended 
by Quick (5). The dilution is necessary for the preparation of the most active saline 
suspensions when horse brain thromboplastin is used (5). Six 'per cent suspensions 
of stabilized brain powder were employed in all experiments, except those listed 
under experiments 2 and 3 in Table III, where corrections were made for the presence 
of the stabilizing agents. This appeared to be unnecessary, however. Clotting time 
determinations throughout were made with one pooled sample (10 bleedings) of 
citrated human plasma (60 cc. 4.0% sodium citrate + 500 cc. blood) preserved in 
the frozen state at — 20®C. in 10 cc. aliquot portions. The clotting time of this 
plasma remained constant throughout the entire period of investigation. 

In experiments on the stability of saline suspensions prepared from the stabilized 
thromboplastin preparations, the diluted saline suspensions were stored in stoppered 
test tubes at room temperature, and their activity determined at intervals. 

Summary 

1. The activity of desiccated horse brain thromboplastin has been 
preserved by storage under vacuum or carbon dioxide at 5®C. and at 
room temperature. Nitrogen was satisfactory at refrigerator tempera- 
tures but not at room temperature. 

2. At room temperature, in the presence of air, the loss of thrombo- 
plastic activity was comparatively rapid. The addition of certain 
antioxidants to the desiccated thromboplastin preserved its activity 
for at least 9.6 months. Nordihydroguiaretic acid (3.2%) and hydro- 
quinone (7.6%) proved to be excellent stabilizing agents. Z-Ascorbyl 
palmitate and, as might be expected, phenylmercuric nitrate and 
sodium ethylmercurithiosalicylate were without activity. 

3. The addition of sodium ethylmercurithiosalicylate to the NDGA 
stabilized brain powders enhanced their usefulness by stabilizing the 
saline suspensions prepared from the dry powders. Phenylmercuric 
nitrate and NDGA, both active stabilizers when added to thrombo- 
plastic suspensions, were essentially without activity in suspensions 
prepared from dried brain powder to which these substances had been 
added. 

4. The studies with antioxidants support the view that oxidation 
is involved in the loss of thromboplastic activity in the presence of air. 
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Inteoduction 

The adrenal cortex is so essential for the maintenance of a normal 
plasma sodium level that, ■without it, the loss of sodium may lead to 
serious consequences in most mammals. Extract which •will replace 
this function is readily prepared from the adrenal. However, none of 
the crystalline compounds which have been isolated from the gland 
will account for its sodium-retaining power. Corticosterone and 
dehydrocorticosterone are not sufficiently potent in this respect, 
while desoxycorticosterone, if it occurs at all, is present in amounts 
entirely too small. Moreover, desoxycorticosterone (DC) has been 
shown to produce metabolic disturbances and pathological changes 
which have not been obtained from adrenal extract. E'vidence has 
already been offered that the sodium-retaining substance, which exists 
normally in the unfractionated extract, is distinct from other physio- 
logically active substances (1, 2). 

In the present study, methods designed to produce the least amount 
of chemical change have been used to separate the sodium-retaming 
substances from the glyconeogenetic substances. The most potent 
sodium-retaining substance obtained exceeded the potency of DC and 
differed from it in both chemical and pharmacological properties. 
This substance is rather readily destroyed by chemical treatment such 
as has been employed by some investigators in the fractionation of 
adrenal extracts, which may thus explain their failure to obtain it. 

Methods 

Two methods of assay have been employed in following the fraction- 
ation of the biologically active substances obtained from the adrenal: 
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one, the ability to cause retention of sodium, and the other, the 
ability to cause glycogen deposition in the liver of a starved animal. 

Sodium retention. This was determined by the method of Hartman, Lewis and 
Thatcher (3), except that drinking water was removed from the cage one hour after 
feeding. This gave more constant assays. Control tests were run daily until the control 
level was essentially constant. 

Glycogen deposition. The method employed for this assay is similar to that described 
by Olson et al. (4), but we used fasted normal rats on a low protein diet. Our unit of 
activity is the amount of material which will cause an increase in liver glycogen of 5 
mg./g. of liver over the control level. 

Preparation of Concentrates 

A modification of Cartland and Kuizenga’s (6) method has been used in the 
preparation of concentrated extract from the whole adrenal gland. Ethyl alcohol 
instead of acetone was used for the initial extraction since the yield of sodium- 
retaining substances was found to be higher by this method. 

Frozen beef glands were ground into chilled 95% ethyl alcohol (1.5 liters per kg. of 
tissue) and shaken under vacuum for eight hours in a stoneware churn. The mixture 
then stood for 12 hours at 4®C., after which the extract was separated in a press and 
then reduced to small volume in vacuo at 35'*C. The aqueous residue was extracted 
with petroleum ether to remove inert fatty material and phospholipids. The active 
substances were extracted from the aqueous concentrate by means of ethylene 
dichloride. This left behind epinephrine and inert substances. Water was removed 
from the ethylene dichloride by freezing and filtering. The ethylene dichloride was 
removed by vacuum distillation. The residue was taken up in ethyl alcohol and the 
remaining fat and cholesterol were removed by partitioning between aqueous alcohol 
and petroleum ether. The final concentrate was stored in 70% alcohol at — 20®C^. 
until several lots had accumulated, when they were combined and concentrated to 
an approximately 10% alcoholic solution made so that each cc. represented 100 g. of 
tissue. Sodium chloride was added to make a 0.9% solution. Chilling of this solution 
precipitated a dark tarry material which was filtered off. This residue was redissolved 
in 95% alcohol and diluted tn make a 10% alcohol and 0.9% sodium chloride solution. 
Chilling again separated a tarry mass. Repetitions of this procedure, thrt»e or four 
times, removed sodium-retaining substances which were caught when the precipitate 
was formed. The active 10% alcoholic extracts were combined and extracted with 
one-fourth volume of ethylene dichloride. After removal of the water from the ethyl- 
ene dichloridc by freezing and filtering, the ethylene dichloride was removed by 
vacuum distillation, leaving a yellow resinous material. This was the starting material 
for the present investigations. 

Purification hy Precipitation 

After numerous trials, it was found that, by dissolving the whole concentrate in 
chloroform and adding nine volumes of ethyl ether, a precipitate was formed which 
had a greater potency per mg. than the original. Repeated precipitation resulted in 
further increase in potency. Maximum fractionation was obtained when the con- 
centration of solid was 5-10% of the total solvent mixture. The temperature at 
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which the precipitation was carried out played a r61e in the degree of purification. 
Low temperatures resulted in precipitates which contained a large proportion of the 
original activity but demonstrated a relatively small increase in potency in terms of 
units/mg. Higher temperatures gave preparations with large increase in potency 
but only a fraction of the original activity. The increase in potency can be illustrated 
by the following example: original concentrate, 1 to 2 imits/mg. ; first ppt, at — 20°C., 
2.7 to 3.6 units/mg.; second ppt. at 10°C., 6.8 to 11.4 imits/mg.; third ppt. at 10°C., 
11.3 to 16.6 units/mg.; fourth ppt. at room temp., 19.5 to 23.6 units/mg. Preparations 
assaying as high as 27 units/mg. were obtained. (DC— 14.3 units/mg.) 

As the potency increased with repeated precipitations, the material 
became less soluble in chloroform, ethylene dichloride, benzol and 
acetone. For this reason the concentration of solid in the later pre- 
cipitation steps was reduced to 2% of the total volume of solvent. 
Solvent precipitation resulted in the scattering of a large portion of the 
total activity through the various fractions. The most potent precipi- 
tate was an amorphous powder which produced no effect on potassium 
excretion. DC could not be the substance in the precipitate responsible 
for sodium retention since it is quite soluble in ethyl ether and one 
would expect to find it in the filtrates rather than in the precipitates. 

Molecular Distillation 

The dry concentrate was fractionated by distillation in a vacuum at 10“* mm. Hg. 
Fractions were removed at temperatures ranging from 70®-200®C. These were as- 
sayed for sodium-retaining potency. No fractions distilling at a temperature lower 
than 120'’C. showed this potency. Some of the fractions were more potent than DC. 
One of them assayed 29 units/mg. None of the active fractions produced any effect 
on potassium excretion. For example: Preparation A, assaying 12 sodium-retaining 
units/mg., gave 4.62 m£q. of potassium in the urine in a six hour period, while control 
runs before and after the test gave 3.93 to 4.48; Preparation B, assaying 18 sodium- 
retaining units/mg., gave 3.62 mEq. of potassium in the urine in a six hour period 
with controls of 3.02 to 3.95; Preparation C, assaying 28.8 sodium retaining units/mg., 
gave 1.85 mEq. of potassiiun in the urine in a six hour period with controls of 1.92 
to 2.25. Purification by this method was followed by a decrease in solubility in chloro- 
form, ethylene dichloride, benzol and acetone. Although very potent preparations 
were obtained by this method, the losses in potent material were too great for con- 
tinued use. Pure DC distilled between 90® and 96®C. at 10"« mm. Hg with no loss in 
potency. 

Chromatographic Adsorption 

A flowing chromatogram was found to be the best method for the 
separation of the sodium-retaining substances from the other sub- 
stances in the whole extract. This was conducted in the cold (4®C.) 
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using Merckxs aluminum oxide as the adsorbent. It was found that 
either acetone or ethylene dichloride would elute large quantities of 
inert material together with the carbohydrate active substances and 
leave over 80 % of the total sodium-retaining activity adsorbed upon* 
the column. This sodium-retaining substance was eluted from the 
column with methyl alcohol. Ethylene dichloride was employed as the 
initial eluent in the later part of this study in place of acetone (Table 
I) as the latter formed condensation products which were difficult to 
remove. 

TABLE I 


Potency of Fractions Separated by Chromatography 


Fraction 

Solvent 

SoUd 

Sodium^ retention 
units 

Glyconeogenetic 

units 

Potency total 



0. 

per mg. 

total 

per mg. 


IV-O 


17.4 1 

2.5 

43,500 

(12) 2.6 dbO.9* 

45,300±15,300 

(original) 

i 






IV-1 

Acetone 

12.65 

0.95 

12,000 

(20) 4.46±0.89 

56,500±11,300 

IV-2 

Ethyl alcohol 







Methyl alcohol** 

4.5 

10.0 

45,200 

(8) 0.74±0.25 

3,300± 1,100 

IV-3 

50% Methyl 







alcohol 

1.75 

0.85 

1,500 

None 

None 



18.9 


58,700 


59,800 ±12,400 

V-0 


30.5 

3.2 

97,600 

(8) 1.75dt0.59 

53,400±17,900 

(original) 







V-1 

Ethylene 







dichloride 

16.17 

1.9 

30,700 

(16)2.2 ±0.35 

35,600± 5,700 

V-2 

Methyl alcohol 

9.57 

9.8 

93,800 

(12) 0.71 ±0.23 

C,800± 2,200 

V-3 

50% Methyl 







alcohol 

3.32 

0.9 

3,000 

None 

None 



29.06 


127,500 


42,400± 7,900 


* Deviations are reported in terms of the standard error of the mean. 
** 1 part Eton to 2 parts MeOH. 

Number of rats shown in parentheses (Col. 6). 


The hormone concentrate was adsorbed upon a prepared column of 
alumina from an ethylene dichloride solution. The column was then 
continuously eluted with pure ethylene dichloride until no appreciable 
amount of solid was being removed. 
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The first fraction (V-1) was a light-yellow oily material, from which, 
upon concentration to a small volume and standing in the cold, 
dimethyl sulphonc crystallized out. On an average, 190 mg. were 
obtained from 1000 kg. of adrenal tissue. Pfiffner and North (6) ob- 
tained similar 3delds of this substance from the adrenal. 

The second fraction (V-2) was obtained by elution with absolute 
methyl alcohol until no solid was being removed. The third and final 
fraction (V-3) was obtained by eluting the column with 50% aqueous 
methyl alcohol. 

The behavior of desoxycorticosterone (DC) on a column of alumina 
under the same conditions is quite different from that of the natural 
sodium-retaining substance. Ethyl ether, acetone and ethylene di- 
chloride, each caused complete removal of DC from the column. 

The potency of two concentrates separated by chromatographic 
adsorption is shown in Table I. IV-0 was the material from 1773 kg. 
of adrenal tissue; V-0 was from 3636 kg. of adrenal tissue. Fractions 
IV-2 and V-2 possessed the highest total potency for sodium retention, 
while IV-1 and V-1 had the highest total potency for glyconeogenesis. 
The potency/mg. for sodium retention was also greatly increased in 
fractions IV-2 and V-2, while the potency/mg. for glyconeogenesis 
was somewhat increased in IV-1 and V-1. The total units of sodium- 
retaining substances were apparently increased by the fractionation, 
while total units of glyconeogenetic substances appeared to be increased 
in the IV series and decreased in the V series. The sodium retention by 
the dominantly glyconeogenetic fractions IV-1 and V-1 could be 
accounted for by the presence of the glyconeogenetic substances 
(corticosterone and dchydrocorticosterone) since it has been shown 
that these known crystalline compounds also possess the power of 
sodium retention to some degree. These compounds arc known to be 
present in the whole gland concentrate in sufficient quantities to 
account for the entire sodium-retaining activity exhibited by these 
two fractions. 

It will be noted in Table I that there is an increase in the total 
number of sodium-retaining units when the values for the different 
fractions are added together, as compared with the assay of the 
original material. This might be explained by the removal of sub- 
stances which cause increased sodium excretion. Thorn, Engel and 
Lewis (7) reported that both 17-hydroxycorticosteroneand 17-hydroxy- 
dehydrocorticosterone cause increased excretion of sodium. These 
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are the most potent glyconeogenetic compounds (8) and hence would 
be removed with fractions IV-1 and V-L The discrepancies between 
the total number of glyconeogenetic units in the original material and 
the combined fractions may be accounted for by the error of the 
assay method. 


Comparison of Relative Solubilities 

The fractions most active in glyconeogenesis were soluble in methyl 
and ethyl alcohols, propylene glycol, acetone, chloroform, ethylene 
dichloride, ethyl acetate and benzol; partially soluble in carbon 
tetrachloride and ethyl ether; insoluble in petroleum ether and water. 

The fractions most active in sodium retention were soluble in methyl 
and ethyl alcohols, propylene glycol, glacial acetic acid and acetic 
anhydride; partially soluble in acetone; insoluble in chloroform, 
ethylene dichioride, benzol, carbon tetrachloride, petroleum and ethyl 
ethers and pyridine. They were slightly soluble in water and insoluble 
in dilute (0.1 N) hydrochloric acid, but were very soluble in dilute 
(0,1 N) sodium hydroxide. DC is soluble in chloroform, ethylene di- 
chloride, benzol, carbon tetrachloride, ethyl ether and pyridine, but 
insoluble in petroleum ether, just the reverse of the sodium-retaining 
principle. 

If these preparations owed their activity to DC, their solubility 
would be expected to become more, rather than less, similar to DC 
upon purification. The solubilities of DC correspond fairly well mth 
those of the glyconeogenetic substances but not so well with those of 
the sodium-retaining substances of the adrenal (Table II). It should 
be noted that the solubility of the sodium-retaining substances changes 
upon purification. There was a decrease in solubility in chloroform, 
ethylene dichloride, benzol and acetone. This could be explained by 
the removal of substances which increased their solubility in those 
solvents. 

Exposure of the most potent sodium-retaining fraction to 0.1 N 
HCl for a short time at room temperature changed its character so 
that it became much more soluble in chloroform, ethylene dichloride 
and benzol, and almost completely insoluble in water. The solubility 
in ethyl ether apparently was unchanged. Acid changed the material 
from a light-yellow amorphous solid to a dark-yellow resin. A large part 
of the potency was lost. Before acid treatment, assay indicated 10 
sodium-retaining units/mg., while after treatment this had fallen to 



bODIUM-RETAINING SUBSTANCES 


201 


TABLE II 

Comparison of Rdaiive Solubilities 



Ethyl ether 

Benrol 

Ethylene 

diohlonde 

Acetone 

Methyl or j 
Ethyl luoohol 

Water 

Glyconeogenetic 

substances 

++ 

++++ 

+++++ 

■ 


0 

Sodium-retaining 

substances 

0 

0 

0 

++ 

+++++ 

++ 

Desoxycortico- 

sterone 

++++I 

+++++ 

+++++ 

+++++ 

+++++ 

0 


1.2 units/mg. After exposure to HCl, an appreciable amount of NaCl 
was isolated from the material. 

Acylation 

The sodium*retaining fraction was easily acetylated. 978 mg. treated with 3.5 oc. 
of acetic anhydride in 4 cc. of pyridine for 18 hours at room temperature yielded 
1210 mg. of semi-crystalline substance after the pyridine and excess acetic anhydride 
were completely removed under high vacuum (0.003 mm. Hg). A large amount of 
heat was released in the acetylation. This would seem to indicate active hydroxyl 
groups. After acetylation, the sodium-retaining units had dropped to 4.5 units (from 
10 units)/mg. This was based on the weight of the original material, not on the 
product of acetylation. 


Discussion 

Chromatographic adsorption seems to be the best method for the 
separation of adrenal fractions since, in the primary concentrate, it 
appears to cause little or no loss in either the sodium-retaining or 
glyconeogenetic activities. It has been used by Eeichstein and von 
Euw (9) and by Mason (10) for the separation of adrenal fractions 
which had already been exposed to procedures that may have produced 
considerable loss in potency, since the active substances are sensitive 
to relatively mild chemical action. 

Desoxycorticosterone is the most potent known crystalline com- 
pound for sodium retention. 17-Hydroxy-ll-desoxycorticosterone also 
causes retention (11). Corticosterone and dehydrocorticosterone pos- 
sess one-fourth the activity or less (12). Two other compounds, pro- 
gesterone and estrone, which have been isolated from the adrenal, have 
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even less effect on sodium retention (13). None of these would account 
for the total sodium-retaining potency obtained, since DC, the only 
compound which approaches our fraction in potency/mg., would have 
been removed from the column in fractions IV-1 and V-1 by acetone 
or ethylene dichloride. 

The work of Reichstein and von Euw (9) indicates that desoxycor- 
ticosterone acetate was removed from a column of alumina before the 
acetates of those compounds active in carbohydrate metabolism were 
removed. Strain (14) has pointed out that mixtures of free sterols 
arrange themselves upon a column in the same order assumed by 
mixtures of their acetates. Thus, if the whole adrenal concentrate 
owed its sodium-retaining power to DC, the highly potent sodium- 
retaining fractions should have been removed from the column before 
those which were active in carbohydrate metabolism. This was not 
found to be the case. 

It is remarkable that Reichstein and von Euw (9) obtained only 29 
mg. of DC/1000 kg. of tissue (our calculations). Perhaps it was not an 
original constituent but was produced in the process of fractionation. 

Our sodium-retaining substance fails to influence potassium, al- 
though unfractionated extract has been shown to cause excretion of 
potassium (17). However, this may be due to corticosterone, dehydro- 
corticosterone (13), 17-hydroxycorticosterone and 17-hydroxydehydro- 
corticosterone (7), since they increase potassium excretion. Small 
amounts of epinephrine may also increase potassium excretion (12). 

DC produces pathological disturbances under certain conditions 

(15) , while no such effect of adrenal extract has been demonstrated 

(16) . 

The “amorphous fraction” of other workers may have contained the 
sodium-retaining substance, since it has been described as having 
the same solubility characteristics (18) as our substance. Moreover, 
it is said to have no carbohydrate activity (19). However, Kendall 
(20) found that enormous doses of his amorphous fraction caused no 
increase in serum sodium concentration. 

We are indebted to Parke, Davis and Company, through the courtesy of Doctor 
Oliver Eanun, for the adrenal glands; and to Doctor R. D. Shaner of Roche4)rganon, 
Inc. for the desojiycorticosterone. 

We wish also to thank Doctor Katharine A. Brownell for some of the carbohydrate 
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Summary 

A substance highly potent in its ability to cause retention of sodium 
in the body has been prepared in three ways, viz. by fractional solvent 
precipitation, by molecular distillation and by chromatographic ad- 
sorption. The latter appears to produce little loss in potency, which is 
not true for the other methods. There is great difference in the behavior 
of this substance and desoxycorticosterone (DC) on a column of 
alumina. Their solubilities are also quite different. This substance is 
soluble in methyl and ethyl alcohol, propylene glycol, glacial acetic 
acid and acetic anhydride, partially soluble in acetone, and insoluble 
in chloroform, ethylene dichloride, benzol, carbon tetrachloride, 
petroleum and ethyl ethers and pyridine. It is somewhat soluble in 
water and insoluble in dilute (0.1 N) hydrochloric acid, but very soluble 
in dilute (0.1 N) sodium hydroxide. It distiUs at a higher temperature 
than does DC. It has no effect on potassium excretion. It occurs in 
sufficient amount to account for the sodium-retaining power of adrenal 
extract. 

Treatment with 0.1 iV HCl destroys a considerable proportion of 
the potency and forms NaCl. Acetylation destroys part of the potency 
with evolution of a large amount of heat. 

The existence of dimethylsulfone in adrenal extract was confirmed. 
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Introduction 

The diHCOvery by Adams and Holmes in 1935 (1) of ion exchange 
resins opened the field for the preparation of ion-free water by applica- 
tion of two-step ion exchange. These iuveHtigator.s found that poly- 
hydric phenol-formaldehyde resins, when polymerized to the insoluble 
C stage, would exhibit the phenomenon known as base exchange. The 
reaction is governed by the law of mass action and is reversible in 
accord therewith. Adams and Holmes reasoned that an amine-formal- 
dehyde resin would show removal of acids in consequence of basic 
groups present in the polymerized resin. In the case of these anion 
exchangers, the acid adsorbing action is accomplished by amino 
groups which form a part of the surface of large insoluble organic 
molecules. In other words, the anion adsorbent is pictured as a high 
molecular weight comi)ound having throughout the lattice activated 
amino groups— (NHs). These are capable of forming stable amino 
hydrochlorides and, thus, the acid is removed molecularly and fixed 
reversibly. 

Matohett (2) has used acid adsorbing resins to isolate tartaric acid. Orapo wastes 
are filtered thru and the acid is adsorbed and subsequently removed witli sodium 
carbonate. Formic acid is removed from formaldehyde in a similar manner (2) re- 
sulting in a bettor product of formaldehyde, (laddis (3) has uschI Ambcrlite IBr4 
in an unusual manner, lie found tliat a stable compound was formed with hydrogen 
sulfide and that the resin would adsorb 12% of its weight of hydrogen sulfide. This 
addition compound was used in the analysis of Group 11 ions. Block (4) utilized 
resinous exchangers in the process of production of arginine, histidine and lyane. 
Meyers (2) reports that thiamine hydrochloride is adsorbed quantitatively on 
Amberlite IBrlOO. 
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Amberlite IR-4, or as it is now called Amberlite XE-43, is a polyethylene poly- 
amino methylene substituted resin of diphenyloldimcthylmethane and formaldehyde 
in basic form. De-Acidite, which is also used as an antacid, is an aliphatic amine rosin 
containing principally tertiary amine groups with some primary and secondary groups. 

De-Acidite is called an anion exchanger, but the facts show that the free acid 
molecules react in much the same way that ammonia reacts with an acid (5). 

Anion exchange resins have recently been proposed (6, 7) in the 
control of gastric acidity and for gastric ulcer therapy. The effect of 
resin on peptic and tryptic activity being of importance in the biological 
activity of resins, it was decided to study the problem and to extend 
the study to cover the physico-chemical behavior of anion exchangers. 

Method 

i 

The original problem was to determine the effect of Amberlite IR-4 
on peptic digestion. When it afterward became apparent that addition 
of various other surface active agents to Amberlite IR-4 markedly 
facilitated its dispersal in water, the work was extended to include the 
effect of several surface agents on peptic digestion. 

The rate of the process and the completeness to which it ultimately 
proceeds must be carefully distinguished in considering peptic diges- 
tion. The initial rate is probably the important factor as far as ulcer 
therapy is concerned. When various amounts of substances such as 
Amberlite were added, the final amount of peptic action is very nearly 
always the same although the rates may have differed markedly. In 
the literature very little care has been taken to distinguish between 
capacity and intensity factors. Therefore, the, kinetics of the ])eptic 
digestion of egg albumin have been considered in this paper. 

The NP method (using NF reference pepsin) (3400 units/g.) was made suitable for 
velocity studies by carrying out the reactions in graduated centrifuge vessels which 
enabled us to read at given intervals of time the amount of egg albumin digested. 
The rate constants (velocity of reaction) are obtained by determining the limiting 
slope of the line, time vs. concentration. (The density of the egg albumin remains 
constant throughout if the egg albumin is passed thru a 60-mesh sieve before begin- 
ning the reaction.) 

The appropriate amount of the material to be studied (e.g., Amberlite, sodium 
lauryl sulphate, etc.) was introduced into the pepsin, dissolved in dilute hydrochloric 
acid. An aliquot was then introduced into the vessel containing albumin in HCl 
at 52“C. 
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Restilts 

The results are summarized graphically in Figs. 1-5. It will be seen 
that 0.250 g. of Amberlite IR-4 has no appreciable effect on the rate 
of hydrolysis (Fig. 3). All results were repeated with the Amberlite 
IR-4 actually in heterogeneous contact with the reaction solution. 



TIME (MINUTES) 

Fig. 1 

Kinetics of Pepsin Hydrolysis 

0.5 g. Amberlite IRr4 
0.1 g. NF Pepsin 
A — Standard (m = 1.00) 

B — ^Amberlite IBr4 present (to = 0.89) 

C — Amberlite IBr4 filtered off after adsorption (to = 0.54) 

TO — slope (given as fractional proportion of the standard) 

It will be seen that the rates are different when the Amberlite is 
actually present in the reaction vessel and when it has been filtered 
after being shaken with the pepsin. The rates are greater in the former 
case. This can bo explained by assuming that there is a residual activity 
of adsorbed pepsin, the action taking place at the surface of the 
Amberlite IR-4; or by assuming that the pepsin is reversibly adsorbed 
and a new equilibrium is reached in the reaction vessel proper which 
liberates a small amount of pepsin. 

The rate constant of hydrolysis for albumin in the presence of 0.5 g. 
of Amberlite IR-4 was 89% (Fig. 1) of the standar<i. With the resin 
filtered off the rate constant was only 54% (Fig. 1) of the standard. 
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Corresponding figures for the system involving 3.0 g. of resin were 39% 
(Fig. 2) and 17% (Fig. 2). In other words, 3 g. of resin reduce the speed 
of action of 100 mg. of 3400 Unit pepsin to 39% of its original value. 
Actual clinical usage of resin in the control of gastric acidity would 
represent a cross between systems in which the resin remains in contact 
with the pepsin and systems in which the resin is filtered off. 



Fig. 2 

Kinetics of Pepsin Hydrolysis 
3.0 g. Amberlite IR-4 
0.1 g. Pepsin 
A — Standard (7n = 1.00) 

B — Amberlite IR-4 present (w = 0.39) 

C — Amberlite IR-4 filtered off after adsorption (m == 0.17) 
m — slope (given as fractional proportion of the standard) 

Fig. 3 shows the constant difference between the two rates. That is 
to say, the two plots, “Amount of Amberlite^' us, *^Per cent Original 
Enzyme Activity” are parallel lines. 

A concentration of Amberlite less than 0.5 g./O.l g. pepsin has a 
negligible effect. 

or surface active agents, Igepon-T (alkyl-C 0 NMeC 2 H 4 S 03 Na), 
sulfatate (a hydrocarbon sulfonate) and sodium lauryl sulfate are 
inhibitory in concentrations upwards of 0.5 g./O.l g. pepsin, but in 
very small concentrations (1-2 mg./O.l g. pepsin) every one of these 
increases the velocity of the reaction. (See Fig. 4 for sample data on 
Igepon and sulfatate.) 
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Fig. 3 

Effect of Amberlite IR-4 on Activity of Pepsin 
A — Homogeneous Case (Amberlite filtered out) 

B — Heterogeneous Case (G. Amberlite = 0.04:9 (activity of enzyme) -f 4.0 
(Amberlite present)) 



Fig. 4 

Effect of Small Amounts of Surface-Active Agents on the Peptic Hydrolysis 

of Egg Albumin 

A — Igepon (2 mg./IOO mg. pepsin) 

B — Sulfatate (2 mg./IOO mg. pepsin) 

C — Standard 
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It is interesting to speculate on the effect of small quantities of 
materials in the stomach, the presence or absence of which markedly 
affect the rate of peptic hydrolysis. 

For example, large amounts of an agent such as sodium lauryl sulfate 
would reduce peptic action but, as dilution occurred, as the concentra- 
tion/unit volume decreased, a point would be reached at which the rate 
of peptic action would be increased; the overall effect may be an in- 
creased activity. 

Naturally occurring surface active agents are the various bile acids. 
The effect of these was tried on the peptic digestion and it was found 
that small amounts (10 mg. to 0.1 g. pepsin NF) of these materials 
slow the reaction. 



Fig. 5 

Effect of Bile Salts on Peptic Digestion 
A— Standard 

B — Bile Salts (satd. soln. < 10 mg./O.l g. pepsin) 

The mathematical condition of the reaction of the first order is: 

( 1 ) 

The neutralization of hydrochloric acid by Amberlite is certainly 
not of the first order but, by use of a large excess of one of the constitu- 
ents Amberlite), the concentration of this reactant may be re- 
garded as unchanged during the reaction. The reaction becomes 
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pseudounimolecular and equation (1) can be used. Temperature and 
rate of stirring are kept constant throughout. 

Integration of equation (1) shows that log (H+) vs. time should be 
a straight line provided the reaction is truly pseudounimolecular. The 
experimental data confirm this. Fig. 6 represents the data summarized. 



Fig. 6 


Rate of Neutralization of Acid by Amberlite IR-4 


50 cc. NnO HCl + water 
25 g. Amberlite IRr4 (40 mesh) 

Speed of Stirring — 1120 R.P.M. 

A— k 36.5® = 0.0370 (pseudomonomolecular) 
B — k 26.5® = 0,0195 (ps<^udomonomole(‘ular) 


d\nk 

dt “ RT 

s 2.303 XffXlog| 

E = 11,760 cal. 


The velocity constants given represent the limiting slopes of the lines. 
The temperature coefficient of the reaction between 36.5®C. and 26.5®C. 
is 1.90. This corresponds to an energy of activation of 11,760 cal. 

Amberlite IRr4 shows a pronounced adsorption of sodium chloride 
and sodium phosphate at a pH of 1.5. This adsorption is “molecular” 
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and not of the ‘‘exchange'' type. A Freundlich type isotherm is 
followed. 

Pig. 7 reproduces the results graphically. 

The adsorption of these salts is reversible. At the pH of the intestinal 
tract, (ca. 8.5) recovery is apparently quantitative. 

At all pH's there is no adsorption of NaCl by Amberlite IR-4 from 
HCl solution. 



Fig. 7 

Adsorption Isotherms for Amberlite lR-4 (from Acid Solution) 

A — Chloride 
B — Phosphate 

C — Methylene Blue (pH = 10.5) 

D — Methylene Blue (pH « 1.5) 

The very pronounced adsorption of inorganic ions by Amberlite 
IR-4 from acid solution is unusual. In general, organic adsorbents 
adsorb such ions only to a small extent. The further fact that the 
adsorption manifests a considerable degree of specificity {e.g., chloride 
ion is adsorbed from nitric acid solution but not from hydrochloric 
acid solution) naturally leads to the hypothesis that the adsorption of 
inorganic ions is due to a double salt formation at the interface between 
the quarternary ammonium salts from the amino groups of the resin 
and the added salt. It will be remembered that ammonium chloride 
forms very many such double salts. 
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The law of combining proportions demands that under such a 
hypothesis the number of moles of, for example, sodium chloride ad- 
sorbed should be proportional to the number of moles of nitric acid 
adsorbed. Fig. 8, in support of this hypothesis, shows this to be true. 

It is apparent that the action of anion exchange resins in hetero- 
geneous systems (resin remaining in the reaction vessel) compares with 
the action in the gastro-intestinal tract. The total quantity of pepsin 
in the gastric juice varies between the limits of 3 to 6.5 expressed as 
mg. of 1 :4000 USP pepsins (8). Therefore, the indicated dosage of 



Fig. 8 

Proportionality Betwocn Adsorbed Nitrate (llNOj) and Chloride as Required 
by the Law of Mass Action for the Dissociation of the Postulated 
Double Salt of NaCl ami Quartemary Ammonium Salt 

the anion exchange resin for inhibition of peptic activity would be 100 
to 200 mg. 

The effect of surface active agents such as sodium lauryl sulfate on 
the action of pepsin, stimulating in lower concentrations and inhibiting 
in higher concentrations, doubtless offers an explanation of the 
discordant results reported in the literature (9, 10, 11) on the effective- 
ness of surface active agents in the treatment of gastric ulcers. The 
concentration of the sodium alkyl sulfate present at any given time 
would determine the ultimate effect. The concentration would vary 
with dosage and volume of gastric juice present. 
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The physico-chemical results, disclosing, as they do, marked ad- 
sorption of inorganic ions by Amberlite IE-4, suggest that the adsorp- 
tion of ions is due to double salt formation. 


Summary 

The rate of acid neutralization, adsorbent properties and effect on 
peptic hydrolysis of the synthetic resin Amberlite IR-4 were deter- 
mined. The reaction rate constants disclosed a reduction of peptic 
activity to as much as 17% of the original value. The ability of surface 
agents of the type of sodium lauryl sulfate to speed up peptic action 
rates in small concentration is reported. 

The results indicate the mode of action of resins as gastric antacids 
and support the hypothesis advanced as to the mechanism of ad- 
sorption by resins. 
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Introduction 

Partial acid hydrolysates of fibrin and casein have been used intrar 
venously in this laboratory to maintain nitrogen balance in dogs (1). 
Fortification with sulfur-containing amino acids was necessary in the 
case of casein hydrolysates but not in the case of fibrin hydrolysates. 
Dogs have been maintained for as long as sixteen weeks on 120 mg. 
N/kg./day or less of fibrin hydrolysate intravenously (2). The present 
experiments were designed to test the therapeutic value of partial acid 
hydrolysates of fibrin and casein at a high level of input under condi- 
tions of severe nitrogen depletion. Changes in the plasma protein level 
were followed and the general effects on the blood picture were 
observed. 


Procedure 

Partial Acid Hydrolysates 

The partial acid hydrolysates consisted of mixtures of amino acids and peptides 
as previously described (3). The casein and fibrin hydrolysates used contained about 
25 and 36%, respectively, of free amino acids. The hydrolysates were non-antigenic 
in repeated tests with guinea pigs and rabbits. No chronic toxicity has been observed 
in dogs following continuous daily injections for long periods. All preparations used 
were non-pyrogenic by XJ.S.P. pyrogen test. The hydrolysates were sterilized by 
filtration. 

Additions of cysteine hydrochloride monohydrate, cystine and dextrose were made 
as indicated. The additions of amino acids were made m the ratio of 1 mg. of the 

♦ A preliminary report of this work was made to the American Society of Biological 
Chemists in Atlantic City, March, 1946. Federation Proc, 6, 134 (1946). 
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amino acid to 7 mg. of total nitrogen. The protein hydrolysates were made to contain 
0.7% nitrogen. The addition of dextrose was 6% WfV. 

The essential amino acid composition of the partial acid hydrolysates shown in 
Table I represents the values obtained from several determinations on successive 
samples. Determinations were made both by chemical and microbiological methods. 
Where possible the chemical methods were applied directly to the partial acid 
hydrolysate, as in the case of tryptophane, cystine, and methionine.^ For all other 
determinations, the partial hydrolysate was made 8 N with sulfuric acid and refluxed 

TABLE I 


Essential Amino Acid and Glutamic Add Content of Partial Add 
Hydrolysates of Casein and Fibrin 
Per cent Calculated to 16% N 



Fibrin Hydrolysate 

Casein Hydiolysate 


Chemical 

Microbiological 

Chemical 

Microbiological 


Assay 

Assay 

Assay 

Assay 


per cent 

Reference 

per cent 

Reference 

per cent 

Reference 


Reference 

Arginine 

6.8 

(6) 

7.1 

(14) 

4.1 

(5) 

4.2 

(14) 

Histidine 

2.6 

(4) 

2.5 

(14) 

1.8 

(4) 

3.4 

(14) 

Lysine 

7.8 

(6) 

7.8 

(14) 

5.6 

(6) 

7.8 

(14) 

Tryptophane 

1.2 

(8,9) 

— 

— 

0.6 

(8,9) 

— 


Phenylalanine 

3.5 

(4) 

3.5 

(14) 

3.3 

(4) 

4.0 

(14) 

Cystine 

2.5 

(4) 

— 

— 

0.7 

(4) 

— 

— 

Methionine 

2.0 


2.0 

(14) 

3.0 

(10, 11) 

2.9 

(14) 

Threonine 

7.6 

(7) 

6.8 

(14) 

4.7 

(7) 

4.9 

(14) 

Leucine 

— 

— 

7.0 

(12, 16) 

— 

— 

9.4 

(12. 16) 

Isoleucine 

— 

— 

2.8 

(12, 15) 

— 

— 

4.1 

(12, 15) 

Valine 

— 

— 





7.7 

(12, 15) 

Glutamic Acid 

— 

— 



— 

— 

27.7 

(13, 15) 


eight hours to complete the hydrolysis. Methods as compiled by Block and Bolling 
(4) wore used in cases where good recoveries and Reproducible results were obtained, 
as with histidine (Kossel-Kutscher micromodiflcation), phenylalanine (Kapeller- 
Adler) and cystine (Folin). For arginine most satisfactory recoveries were obtained 
by the method of Vickery (6) and for lysine by the method of Ayre (6). Threonine 
was determined by the method of Shinn and Nicolot (7). Tryptophane was determined 
with good agreement by the methods of Shaw and MacFai-lane (8) and Horn and 
Jones (9). Methionine was determined by the method of McCarthy and Sullivan 
(10) using the modification suggested by White (11). Leucine, isoleucine and valine ® 

1 Determinations of tryptophane, methionine and cystine were made by Mr. E, 0. 
Krueger. 

* The microbiological amino acid determinations were made by Eleanor Willerton. 
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were determined microbiologically, using the conditions described by McMahan and 
Snell (12). Threonine, methionine, arginine, histidine, lysine and phenylalanine were 
determined microbiologically by the method of Stokes et al. (14). Check determina- 
tions wore made in the case of leucine, isoleucine, valine and glutamic acid, using iho 
conditions proposed by Hier et al. (15). Glutamic acid was detcrniinod by the micro- 
biological method of Dunn et aL (13). As a point of interest in this study, glutamic 
acid was determined directly on both the partial hydrolysates and complete hydro- 
lysates. The content of glutamic acid as determined in the latter was roughly twice 
that in the former, indicating that only about one-half, or less, of the glutamic acid 
was available in free form in the partial hydi*olysates. 

The dried partial acid hydrolysates of fibrin contained, -on an average, 14% N 
and those of casein 13.G% N. Because there was small variation between different 
lots and because the hydrolysates were used on the basis of their nitrogen content, it 
was decided to report the amino acid content on a 10% nitrogen basis, as frequently 
used, rather tlian on a dry basis. 

Non-protein Diet 

A very low nitrogen diet was used for depletion. The diet contained 73 g. sucrose 
20 g. lard, 3 g. com oil, 0.5 g. Haliver oil, 4 g. U.S.P. salt mixture 1, 0.2 g. choline 
chloride, 1 g. agar, 0.6 mg. thiamine hydrochloride, 0.6 mg. ribofiavin, 12 mg. nicotin- 
amide, 0.4 mg. pyridoxine hydrochloride and 1.2 mg. calcium pantothenate. Food 
intake was limited to 80 calories/kg. /day. A liver concentrate was used to supply 
vitamin Be (^ffolic acid”) equal to 1.5 g. of 70% alcohol-insoluble liver extract daily. 
The nitrogen intake on this diet, including vitamin supplements, was 0.05-0.1 g./weeL 

Amlytkal Methods 

Plasma protein levels were determined by the method of Barbour and Hamilton 
(16). The dogs were starved overnight and blood samples taken in the morning. 
Hemoglobin determinations and red and white blood cell counts were made each 
week. Total nitrogen determinations were made by macro-Kjeldahl (Arnold- 
Gunning). 

Nitrogen Balance Technique 

Adult female dogs, made parasite-free, were kept in metabolism cages. Provision 
was made to catch any excreta and vomitus during injection i)eriods. Injections and 
oral supplements w(*re given on a regular schedule of feeding. The dogs were cathctcr- 
ized and tlie feces labeled with carmine at the beginning and end of (‘ach period. 
The excreta were made acid, homogenized together in a Waring Blender and pre- 
served in the cold under toluene prior to sampling. 

The dogs were maintained for four to six weeks on the basal diet wit»h fibrin supple- 
ment at a level of 100 mg. of nitrogen/kg./day. Following this equilibration period, 
The dogs were injected at near maintenance levels with fibrin hydrolysate, z.e., 
100-120 mg. N/kg./day, to accustom them to daily injectioms. Nitrogen balance 
periods on oral fibrin and injection at or near maintenance levels of nitrogen were of 
7 days duration. 

The dogs were made hypoproteinemic by subjecting them to non-protein feeding. 
The degree of hypoprotcinemia was judged by the plasma protein level, which 
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f?enerally fell to 4.0-4.5 g./lOO cc., or lower, in 4-G weeks. Nitrogen balances were 
kept for the last throe weekly periods on iion-protein diet for each dog. When the 
degree of hypoproteinemia had become severe, massive injections of fibrin or casein 
hydrolysates were carried out for 3-day periods. The level of nitrogen given was 
uniformly 600 mg. N/kg./day, and the rate of injection was 1.5 mg. N/kg. /minute. 

To arrive at values for the biological value of the hydrolysates under different 
conditions of injection, it was decided to collect values for “endogeneous nitrogen” 
excretion (EN). Values for excretion on protein-free diet (NEo) and values for excre- 
tion on maintenance levels of oral fibrin were collected. It was noted that successive 
periods on protein-free diet gave successively lower values for NEo, as previously 
reported by Seeley (17). The collected values for twenty such periods for five dogs 
are shown in Table II. The values shown are the limits for each dog. The figures in 

TABLE II 

Nitrogen Excretion in Doga on Non^Protein Diet, on a Maintenance Level of 
Oral Fibrin, on, a Low Level of Injected Fihnn Hydrolysate and on 
High Levels of Injected Fibrin and Casein Hydrolysates 
Estimates of Endogenous Nitrogen Excretion (En) and Biological Value (BV) 



Input 


Nitrogen Excretion/kg./day 



BV 



Dog 5 

Dog 11 

Dog 16 

Dog 22 

Dog 23 

Aver- 

age 




mg. 

mg. 

mg. 

mg 

mg. 

H 


Protein-free Diet 

0 

72-90* 

(3) 

91-109 

(5) 

86-102 

(4) 

82-94 

(5) 

102-108 

(3) 

88 

— 

Fibrin, Oral 

100 

86-101 

(8) 

— 

79-123 

90-94 

(3) 

106-108 

100 

1 

Fibrin Hydrol., i.v. 

100 

103-126 

(6) 

106-121 

130-161 

(6) 

121-137 

133-165 

128 

.72 

Fibrin Hydrol., i.v. 

coo 

320-461 

(6) 

306 

324-429 

(8) 

375-427 

400-402 

380 

.53 

(lasein Hydrol., i.v. 

coo 

500-563 

(4) 


465-565 

(5) 



511 

.32 


* Maximum and minimum values. 

0 The figures in parentheses show the number of determinations made. 


parentheses indicate the number of runs made. The average was 88 mg. N/kg./day. 
The average of ten values for excretion of the same five dogs receiving 100 mg. 
N/kg./day in the form of oral fibrin was exactly equal to the intake. Assuming the 
excretion under these conditions to be equal to endogenous nitrogen excretion as 
proposed by Mitchell (18), the fibrin would have a biological value of unity. In 
instances where fibrin was fed orally in maintenance doses to hypoproteinemic dogs, 
a sparing action on body nitrogen loss has been observed. The biological value for 
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fibrin calculated for such periods is generally greater than unity and is an example 
of the situation described by Allison and Anderson (19) in which food nitrogen has a 
sparing effect on body nitrogen excretion. 

For purposes of comparison in Table I, the biological values were calculated from 
the average nitrogen excretion values. The value for EN was taken as 100 mg. 
N/kg./day. It should be borne in mind vrhen comparing the biological values resulting 
from the injection of fibrin hydrolysate at the 100 and 600 mg. nitrogen levels that 
the rates of injection were 1 and 1.5 mg. N/kg./minuto, respectively. On the other 
hand, the massive doses w^ere given only to hypoproteinemic dogs, whereas the small 
injection was made in essentially normal dogs. 

Fibrin vs. Casein Hydrolysates 

Experiments were designed to test the comparative value of the 
partial acid hydrolysates of fibrin and casein. Since a limiting deficiency 
of sulfur amino acids had previously been shown to exist in casein 
hydrolysates, fortification with cysteine hydrochloride monohydrate 
was made to give a level of cystine plus cysteine equal to the level of 
cystine shown by analysis to occur naturally in fibrin hydrolysate. 
By analysis, casein hydrolysate was shown to contain more methionine 
than fibrin hydrolysate. As the adequacy of sulfur amino acids in 
fibrin hydrolysate was not known, experiments were conducted both 
with and without the addition of cysteine to fibrin hydrolysates. 

Four adult female dogs which had long been used in nitrogen balance 
studies at minimum levels of nitrogen, were placed on the above 
regimen to further deplete their protein stores. One of the dogs died in 
7 days on the depletion diet. The remaining dogs fell off in appetite 
and weight and were brought to an extremely low blood protein level 
and a state of near inanition in two weeks. Food intake fell nearly to 
zero during this period. Injections of protein hydrolysates were then 
begun. 

One dog received casein hydrolysate and two dogs received fibrin 
hydrolysate. The total daily injection volume was about 500-700 cc., 
depending on the size of the dog. The total time of injection was ad- 
justed to two 3.5 hour periods, morning and afternoon. The level of 
nitrogen given was 600 mg./kg./day based on the original kennel weight 
of the dog. The rate of injection was 1.2-1.5 cc. per minute, equal to 
1.5 mg. N/kg. 

The dog which was started on casein hydrolysate fortified with 
cysteine became very weak after two days injection. The dog was 
offered a varied diet but died two days later in a state of inanition. 
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Dogs 5 and 10 receivod fibrin hydrolysate with added cysteine for 
two 3-day periods followed by two more 3-day periods on filDrin 
hydrolysate with dextrose but no cysteine. To obtain a somewhat 
comparative test of a casein hydrolysate, dogs 5 and 1(5 were returned 
to the nitrogen-low diet for three weeks. Even with this extended 
depletion, the dogs appeared in a condition much superior to that 
observed just prior to the use of the fibrin hydrolysate. Therapy was 
begun again using casein hydrolysate plus dextrose and cysteine, and 
was conducted for twelve days just as with the fibrin hydrolysate. 
Occasional vomiting and drooling, particularly during the first hour of 


TABLE III 

Nitrogen Retention and Plasma Protein Regeneration in Protein-Depleted 
Dogs Owen Protein Hydrolysates Intravenously 






Nitio- 


N Re- 

Dajs 

RcKimeii 


Phisma 

Ron 

Nitiogen 

tamed 

vui 

Protein 

Out- 

Balance 

N In- 





l>ut 


take 



kg. 

1100 cr 

Q- 

0 

per cent 


Dog 5 — Received 13.04 db. 03 g. nitrogen during each 3-day injection period. 


1 

Non-protein diet 

5.54 









1-6 

Non-protein diet 

5.54 

2.8 

3.89 

-3.68 


7-13 

Non-protein diet. 

5.23 

— 

3.63 

-3.47 

— 

14-16 

Fibrin Hyd, + Cysteine 

5.12 

— 

7.99 

4-4.97 

51% 

17-19 

Fibrin TTyd. + Cysteine* 


3.5 

6.88 

4-6.13 

59% 

20-22 

Fibrin Tlyd. + Dextrose 

5.54 

3.9 

8.54 

+4.47 

46% 

23-25 

Fibrin TTyd. + Dextrose 

5.54 

- 

9.86 

4-3.16 

36% 

26-32 

Non-protein diet 

5.54 

5.6 

4.52 

-4.22 

— 

33-39 

Non-protein diet 

5.68 

4.93 

4.3 


— 

40-46 

Non-protein diet 

5.23 

4.5 

3.69 

-3.45 

- 

47-49 

Ciist'in Tlyd. -f Dextrose* 4- CJysUdne* 

5.12 

4.6 

10.8 

4-2.22 

29':;, 

50-52 

Cast'in Ilyd. -f D(*xtros(' 4- (Vf>tcine* 

5.12 

■— 


4-2.52 

31% 

53-55 

Cnw'in Tlyd. 4- Dextrose 4- (^ystinef 

5.12 

5.1 

11.4 

4-1.61 

24% 

56-58 

Casein Ilyd. 4- Dextrose 4- Cystine f 

5.45 

4.8 

11.8 

4-1.23 

21% 

59-65 

Non-protein diet 

5.45 

4.8 

3.99 

-3.70 

— 

66-72 

Non-protein diet 

5.23 

— 

4.25 

-3.96 

— 

73-79 

Non-protein diet 

5.23 

4.7 

3.58 

-3.36 

— 

80-82 

Fibrin Hyd. 

5.12 

— 

8.36 

1 '4-4.65 

48% 

83-85 

Fibrin Hyd. 

5.12 

5.5 

8.46 

I +4.61 

47% 


* Cysteine hydrochloride monohydrate, 1 mg./7 mg. nitrogen, 
t Cystine, 1 mg./7 mg. nitrogen. 
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TABLE III — Continued 






Nitio- 

j 

NRe- 

Days 

Rogimen 

Body 

Plasma . 

Ken 

Nitrogen 

tamed 

wt. 

Protein 

Out- 

Balance 

NIn- 





put 


take 



kg. 


Q- 

Q. 

percent 


Dog 16 — Received 11.14db.03 g. nitrogen during each 3-day injection period. 


1 

Non-protein diet 

6.25 






■ 

1-6 

Non-protein diet 

6.25 


3.74 


B 

7-13 

Non-protcin diet 

6.03 

— 

3.58 



14-16 

Fibrin Ilyd. -}- Cysteine** 

5.45 

— 

6.62 

+4.52 

55% 

17-19 

Fibrin Tlyd. -f Cysteine* 

— 

3.9 

5.97 

+5.20 

60% 

20-22 

Fibrin Hyd. Dextrose 

6.48 

3.7 

6.69 

+4.48 

54% 

23-25 

Fibrin Ilyd. + Dextrose 

6.36 

— 

7.89 

+3.27 

43% 

26-32 

Non-protein diet 

6.36 

5.5 

4.84 

-4.58 

— 

33-39 

Non-protein diet 

6.48 

4.7 

3.82 

-3.52 

— 

40-46 

Non-protein diet 

6.25 

3.8 

4.25 


— 

47-49 

Casein Hyd. + Dextrose + Cysteine** 

6.14 

3.0 

8.56 


37% 

66-62 

Casein Hyd. + Dextrose -|- Cysteine** 

6.36 

— 


+2.08 

33% 

53-55 

Casein Hyd. -f Dextrose + Cystinof 

6.36 

6.2 

9.64 

+ 1.63 

28% 

56-58 

Casein Hyd. -i- Do.xtrose + Cystinef 

1 6.48 

5.0 

8.31 

+2.84 

40% 

59-65 

Non-protein diet 

6.25 

4.9 

3.75 

-3.54 

— 

66-72 

Non-protein diet 

6.03 

— 

4.06 

-3.85 

— 

73-79 

Non-protcin diet 

5.92 

4.1 

4.01 

-3.82 

— 

80-82 

Fibrin Hyd. 

5.8 

— 

7.13 

+3.99 

50% 

83-85 

Fibrin Hyd. 

— 

4.5 

6.63 

+4.49 

55% 


injection, occurred with this preparation. The dogs were again placed 
on tlie nitrogen-low diet for three weeks and then given fibrin hy- 
<iroIysatc at the same level as al>ove for two more 3-7 day periods. 

Nitrogen balance, weight changes, and blood plasma levels during 
the eighty-five days of successive depletion and nitrogen therapy for 
dogs 5 and 10 are shown in Table III. Values for hemoglobin and red 
and white cell counts held relatively constant on the low side of normal 
throughout and are not shown. Values for nitrogen balance and biologic 
value are shown. Endogenous nitrogen excretion values were taken as 
the average of four 3 day periods on protein-free diet. These values 
were 1.56 g. N for dog 5 and 1.58 g. N for dog 16. If a value of EN of 
0.1 g. N/kg./day is used, the biologic values are increased uniformly 
about 5% for dog 5 and 3% for dog 16. 
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The appetite response of the dogs, particularly during the periods 
of fibrin hydrolysate, wsis dramatic. Voluntary food consumption, 
which fell off markedly during the depletion periods, was nil by the 
time injections were begun. After four to six days injection, a progres- 
sive increase in appetite occurred until the dogs were taking their full 
allotment of the non-protein diet. 

Since the protein hydrolysate supplied about 20 calories/kg. body 
weight/day and dextrose, when given, supplied slightly more than this, 
the dogs received during injection periods about 25-55% more than the 
80 calories/kg. minimum ordinarily allowed. Large percentage body 
weight gains were thus possible and actually did occur, amounting to 
10-20% for the first period on fibrin hydrolysate. Voluntary food 
consumption would probably have been still larger with ad libitum 
feeding. 

Further experiments were carried out with dog 16 in which casein 
and fibrin hydrolysates were supplemented with cysteine at a level 
of 1 mg./14 mg. N, and methionine at a level of 1 mg./7 mg. N. In 
successive periods of depletion and massive injection, biological values 
of 23 and 30% were obtained for the casein hydrolysate and 56% for 
fibrin hydrolysate. The plasma protein level was below 4.5 g./lOO cc. 
prior to any period of injection. 

The constancy of the value for fibrin hydrolysate of about 50-60% 
utilization under the conditions of massive injection herein described 
has held true in upwards of 30 individual trials in eight dogs. 

Discussion 

These experiments indicate that much of the nitrogen given to 
severely depleted animals in the form of a partial acid hydrolysate of 
fibrin was retained and utilized. Hydrolysates of casein were less well 
utilized. Preliminary experiments with the partial acid hydrolysate of 
pancreas residue (Armour) have been even less satisfactory than the 
experiments with casein hydrolysate at high levels of intake. This may 
be in part due to the presence of toxic factors in the pancreas i-esidue 
since these hydrolysates have been shown to cause a pronounced fall in 
blood pressure on injection in cats.’ No significant changes in blood 
pressure were observed following injection of fibrin or casein hy- 
drolysate under similar conditions. 

’ Fharmacolo^c effects of the various protein hydrolysates have been studied by 
Dr. R. E. Richards and Dr. G. M. Everett. 
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The amino acid content of fibrin hydrolysate (Table I) does not 
appear to be sufficiently superior to that of casein hydrolysate to 
explain its much greater biological value, particularly when casein 
hydrolysate is supplemented with cysteine or cystine to an equal or 
greater level than that in fibrin hydrolysate. Previous work has 
indicated that sulfur amino acid deficiency is the most important 
limiting factor for casein hydrolysates, but not for fibrin hydrolysates 
(1, 2). This is not clearly understandable when it is seen that the com- 
bined methionine and cystine contents of the two protein hydrolysates 
are not widely different. The higher level of tryptophane in fibrin than 
in casein hydrolysate appears as a basis for difference. However, 
separate experiments have indicated that tryptophane is not the 
limiting factor in casein hydrolysates. 

The possibility exists that there is a difference in the utilization of 
peptides as derived from different proteins by the method of partial 
acid hydrolysis. The possibility also remains that supplementation 
with cysteine was not at a sufficiently high level in the casein hydroly- 
sates to yield an optimal effect in these experiments. In the previous 
work of Risser, Schenck and Frost (1) the cystine supplement was 
made at about twice the level used herein. That deficiency of the 
sulfur amino acids in casein hydrolysates is clearly the limiting de- 
ficiency has been demonstrated both in dogs and in rats. Furthermore, 
preliminary evidence has appeared which indicates that the methionine 
in casein hydrolysates is not well utilized. Further experiments are 
needed to clarify these points. 

It is noteworthy that nitrogen retention in most cases reached a 
peak during the second 3-day period and then gradually fell off. This 
phenomenon may reflect an improved efficiency of utilization follow- 
ing a brief period of orientation. The decreased retention of nitrogen 
during the third and fourth periods of fibrin hydrolysate reflects a 
decreasing avidity for nitrogen, as one would expect. In all, each dog 
on the first fibrin experiment stored about 18 g. of nitrogen, equal to 
about 110 g. of dry protein in the 12-day injection period. This repre- 
sents an increase in total body protein of about 10-13%, considering 
protein to constitute about 15-20% of body weight. 

Elman, Charnas and Davey (20) have suggested the ceiling for 
nitrogen utilization for nitrogen depleted dogs is above 1.75 g. N/kg./24 
hours. Our schedule of 0.6 g. N/kg. in seven hours is fairly comparable 
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to that of the above authors as regards rate of administration and 
would allow 2.04 g. N/kg. in 24 hours. 

The relative eiBBiciency of nitrogen utilization of any particular 
preparation, at different rates of injection, remains to be determined. 
Madden, et aL (21, 22) have suggested that the efficiency of utiliza- 
tion of rapidly injected mixtures of amino acids is high in plasma- 
pherized dogs, but comparison at slow rates was not made and excre- 
tion of amino acids was not followed. As hydrolysates injected into 
the systemic veins must go in large part via the kidneys before reach- 
ing the liver, there is good possibility of exceeding the renal threshold 
by too rapid injection. The loss of nitrogen in the form of free amino 
acids under the conditions described herein was about 8-10% of the 
nitrogen input, as will be described in a later report. It would seem 
likely that the more rapid the injection above the threshold level, the 
more rapid the excretion of amino acids will be. 

A further factor in the utilization of mixtures of amino acids and 
protein hydrolysates on injection may be the tolerance to the injection. 
As noted above, casein hydrolysate caused frequent vomiting at the 
rate of 1.5 mg. N/kg./minute. During the 12-day period on casein 
hydrolysate (Table II) dog 5 vomited only twice, while dog 16 showed 
reactions on seven of the twelve days and vomited a total of eleven 
times. No vomiting occurred during the comparable 12-day period on 
fibrin hydrolysate. In the last 6-day period on fibrin hydrolysate, both 
dogs vomited several times during the first day of injection, but showed 
no reaction in the remaining five days. 

Several studies have indicated that fibrin hydrolysate is tolerated 
well at rates greater than 2 mg. N/kg./minute in some dogs but not in 
others. The maximum tolerated rate for casein hydrolysate appeared 
to be somewhat lowei* than that for fibrin hydrolysate. At a rate of 
1 mg. N/kg./minute, tolerance to both preparations has been entirely 
satisfactory. What effect this type of reaction may have on nitrogen 
utilization in the animal is not known, but it cannot be salutary. 
Madden et aL (23) have reported tolerance studies of this type in con- 
siderable detail using both protein hydrolysates and mixtures of pure 
amino acids, and have indicated that glutamic acid is a prime offender 
in causing reactions to injection. Unna and Howe (24) have shown 
that glutamic acid and aspartic acid produce vomiting in dogs when 
injected in amounts greater than about 200 mg./kg. in a period of 
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about 1-1.5 hours. It is interesting to note, in light of this disclosure, 
that fibrin hydrolysate contains less glutamic acid than casein hy- 
drolysate. 
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Summary 

Administration of partial acid hydrolysates of fibrin and casein to 
protein-depleted dogs by intravenous injection was studied with regard 
to utilization of the contained nitrogen. 600 mg. N/kg. was given in 
seven hours each day during repletion periods. The rate of injection 
was 1.5 mg. N/kg./minute. Nitrogen retained during the first six days 
of repletion was 50-60% of the nitrogen administered for fibrin hy- 
drolysates and 29-37% for casein hydrolysates. Weight and plasma 
protein levels were markedly increased following administration of 
fibrin hydrolysates and were improved to a lesser degree by casein 
hydrolysates. 

The basis for the better utilization of fibrin hydrolysate is not clear, 
although there is some indication that utilization of methionine as it 
occurs in the partial acid hydrolysate of casein is limited. 

The nitrogen excretion of dogs on non-protein diet averaged 88 mg. 
N/kg./day. Dogs receiving a maintenance level of 100 mg. N/kg./day 
in the form of oral fibrin excreted, on an average, exactly this same 
amount, giving a calculated biological value of 1. Fibrin hydrolysate 
injected at a level of 100 mg. N/kg./day gave an average biological 
value of 0.72. Fibrin and casein hydrolysates injected into hypopro- 
teinemic dogs at a level of 600 mg. N/kg./day gave average biological 
values of 0.53 and 0.32 respectively. The effect of the rate of injection 
and tolerance to the injected material on utilization is discussed. 
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Intkodcction 

lx* sur<‘, wo cannot have a kitchen garden at sea, and a short and scanty crop 
of grot'ns can only l>o raised on board ship; but beans and peas and barley and other 
seeds brought under the malting process, arc converted into the state of a growing 
plant and if eat cm in this state without any sort of preparation, except that of sepa- 
rating or rejecting the husks, cannot fail to supply what is wanted for the cure of 
scurvy.” (Curtis reporting in 1807 on the work of Young (1782) in the British Navy.) 
It appears to he the first military and naval use of sprouts for specific therapy in 
scurvy. 

During war t.im('s a renc'wed interest has developed (1, 2) in the economic and 
practical sources of vitamin C in seed sprouts. Earlier investigations (3, 4, 5) have 
decisively shown t»hat bean and cowpea sprouts contain considerable quantities of 
ascorbic acid. This finding is probably true for all seed sprouts because, as Bessey 
and King (6) have point.<'d out*, ascorbic acid is present in greatest concentration in 
those tissues which are involved in high metabolic activity. The process of ascorbic 
acid synthesis in plants is further influenced by, and is possibly dependent on, the 
activi1.y of chlorophyll. Although it is now well recognized that chlorophyll-bearing 
t-issues tend to have the highest concentrations of ascorbic acid, it does not imply 
a close parallelism (8). Furthermore, wide fluctuations exist in the ascorbic acid 
conUmt. of H(‘<Hllings (9, 10). These variations in content have been related to the 
growt.h of the sprout in light and darkness (11). Thus, Smith and Gillies (7) found a 
maximum value in potato h'aves in the forenoon and minimal values toward the end 
of night. On the whoh*, th<'S(» diurnal variations have not been of great magnitude 
and do not alt.er the view that the sprotit contains a high concentration of vitamin C. 

It m the purpoHe of this report to present data dealing with these 
questions, t.e., (a) does the substance which is chemically assayed as 

1 The material in this article should be construed only as the personal opinions 
of the writers and not as representing the opinion of the Navy Department 
officially. 

* Lieutenant (jg), H(W), USNR, 

« Lt. Commander, MC(S), USNR. 
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aKcorbic acid have equivalent biological antiscorbutic proper! icvs; (b) 
is the concentration of this organic acid always high in sprouts; and 
(c) does cooking affect the ascorbic acid content of sprouts? 

Experimental 

Method 

Ascorbic acid and dehydroascorbic acid were assayed in terms of total vitamin C 
(ascorbic acid and dehydroascorbic acid) and the imoxidized form, by the methods 
of Bessey (12) and Roe and Keuther (13). All extracting and macerating devices 
were made of specially cleaned glass or porcelain equipment and every effort was 
made to obviate contact with metal or other oxidizing agents. 

Biological assays were somewhat modified from the usual procedure. The scorbutic 
diet consisted of casein 10 g., powdered vitamin C-free milk 15 g., boiled alfalfa 
meal (vitamin Ofree) 40 g., brewers’ yeast 3 g., and desiccated liver powder (vitamin 
C-free) 4 g. The diet was moistoned, warmed, dried and broken up into fairly largo 
fragments. The fact that guinea pigs consume more food when it is in bulk form has 
been a common observation in this laboratory and has been recently confirmed by 
others (14). This is of some importance, since the intake of food bears a relationship 
to weight gain and survival. The diet used is an artificial one but contained the 
necessary known food factors beside those specifically required by the guinea pig 
(15). Preliminary work in this laboratory indicates the presence of a new factor 
needed by the guinea pig on this artificial diet to approximate the growth curve and 
weight gain of animals fed diets rich in green vegetables. The guinea pigs used were of 
a uniform buff strain. The procedure of vitamin assay employed has been adequately 
described elsewhere (14). 

All seeds were sprouted in uniform glassware equipment after an initial soaking of 
14 hours. The lemperaturc of the water was maintained at 20°O. ± 3®C. Ordinary 
tap water was used. One hundred and fifty g. of beans were placed in a 2,000 ml. 
chamber and moistened every 10-15 minutes with 400 ml. of water by an automatic 
self-filling, solf-si phoning device. 


Results 

Variation and Development of Ascorbic Acid in Bean Sprouts. Two 
varieties of soybeans, one variety of miing beans and two of pinto 
beans were used in this study. The initial soaking was taken as the 
inception of the sprouting period. The daily increase of ascorbic acid 
during sprouting was rapid and the variation in final content was 
considerable (Table I). 

Considerable variation of ascorbic acid exists in the raw sprout and 
exceeds those changes of vitamin content observed in seedlings induced 
by temperature and diurnal or nocturnal variations (11) and by the 
addition of sugar to the water used (4). It appears that variation is 
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intrinsic in the bean since repeated assays from the various samples 
give approximately the same results. The effect of age of the bean and 
the condition of the plant producing the bean on the vitamin content 
have not been studied. As noted by others (4, 5) the epicotyls uniformly 
contained higher titers of the vitamin than the rest of the bean sprout, 
which suggests that this is the area of greatest synthesis. (Studies on 
biosynthesis to be reported later.) 


TABLE I 

Variation in Ascorbic Acid C&nieni in Growing Bean Sprouts 



Effects of cooking on bean sprouts . — Various G-day samples of soya, 
mung and pinto sprouts were subjected to five minute boiling periods 
in distilled water. The entire sprout was used and the husks removed 
by flotation while boiling. In each case 20 g. of beans were used in 100 
ml. boiling water (glassware was used throughout). It was found that 
cooking such sprouts in boiling water brought about a considerable 
loss of vitamin C (Table II). 

Oxidase from bean sprouts . — A loss as great as 62.5% of the vitamin 
in a five minute period of cooking is not likely to be due entirely to the 
diffusion of the vitamin into the cooking fluid. It seemed probable that 
some enzyme (oxidase) might be acting on ascorbic acid. To ascertain 
this, further studies were performed. 

Water, specially distilled in glass, was subjected to nitrogen aeration and kept 
under a layer of oil. Ninety ml. of this water were placed in ten 100 ml. volumetric 
flasks. In five, the water was immediately covered with a layer of oil and aerated with 
nitrogen for three minutes. In the other five the water was aerated with air for a 
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TABT.E TI 

Loss of Vitamin C (ascorbic acid and dehijdroascorbic Oi'id) Due to Diffusion 
and Oxidation During Cooking (boiling in disiilled walcT 5 minuU‘8) 


mg. vitamin C/100 g. 0-day beau spiouts 


Bean 

Sample 

Before cooking 

After cooking 

Per cent loss 

Soya Cayuga 

1 

20 

12 



2 

23 

14 



3 

22 

11 



4 

10 

7 

56.3 


5 

19 

13 

31.2 

Richmond 

1 

16 

7 

56.3 


2 

10 

0 

62.5 

Mung 

1 

25 

15 

40.0 


2 

28 

19 

32.1 

Pinto 

1 

29 

14 

51.7 


2 

34 

13 

61.8 


3 

28 

11 

60.7 


4 

32 

17 

46.9 


similar period. Thus, five of the flasks contained aerated water and five contained 
water relatively free of oxygen. To each of these flasks 20 mg. of ascorbic acid (C.P.) 
were added. The flasks were then paired and the following substances tested for 
oxidase activity; (a) raw bean cotyledons and stems, (b) raw husks, (c) cooked bean 
cotyledons and stems, (d) cooking fluid from cooked beans (20 g. beans in 100 ml, 
water), and (e) the control of ascorbic acid following aeration with air and nitrogen. 
The material was prepared by grinding 5 g. in a mortar and taking up the juice in 20 
ml. distilled water (spi'cially pn'parod). Each volumetric flask was then filled to the 
100 ml. volume with the aqueous extract to b<» tested. In the caw* of the control the 
volume was made up with water. The entire procedure was done fairly rapidly so 
that the materials could be tested simultaneously und(»r the same experimental condi- 
tions. An initial 10 ml. aliquot was taken for assay and similar aliquots at 10 and 20 
minute intervals. Active oxidation of ascorbic acid to dchydroascorbiti acid took 
place only with the uncooked cotyledon and stem extract, the other samples having 
very little if any enzymatic action (Table III). 

The results show that the oxidase action appears to be primarily 
concerned with the first step of aerobic oxidation of ascorbic acid to 
dehydroascorbic acid and results in an eventual loss of dehydroascorbic 
acid beyond diketogulonic acid to, presumably, threonic and oxalic 









VITAMIN C CONTENT 


231 


acids. For example, 1.74 mg. of ascorbic acid in the 10 ml. samples 
changed concentration to 0.57 mg. of ascorbic acid and 0.6 mg. of 
dehydroascorbic acid. The sum of these two (1.17 mg.), however, 
represents the total vitamin C content, and shows a loss of 32.8% of the 
original value. The high content of dehydroascorbic acid is indicative 
of active enzymatic action. 


TABLE III 

Oxidation of Ascorbic Acid by Various Portions of Soya (Cayuga Bean Sprout Extracts) 


Mg. vitamin C m 10 ml. sample 1 oxidation 


Position 

Condition 

Ascoibic acid 

Dehydroascorbic acid 

Aacoibic 

acid 


Initial 

value 

10 min. 

20 mm. 

Initul 

value 


Cotyledons 

aerobic 

1.74 

1.16 

0.57 

negligible 

0.6 

67.2 

32.8 

Stomh, raw 

anaerobic 

1.65 

1.63 

1.35 

trace 

0.13 

18.1 

10.0 

Husks 

aerobic 

1 

1.63 

1.53 

negligible 


m 

8.0 


anaerobic 


1.86 

1.53 

trace 

0.19 

igi 

7.5 

Cooked beans 

aerobic 

1.86 

1.86 

1.63 

negligible 

0.10 

12.4 

7.0 


anaerobic 

1.86 

1.86 

1.53 

trace 

0.09 

18.1 

13.0 

Fluid from 

aerobic 

1.86 

1.86 

1.63 

negligible 

0.12 

12.4 

6.0 

cooked beans 










anaerobic 

1.86 

1.74 

1.63 

trace 


12.4 

7.2 

Ascorbic acid 

aerobic 

2.07 

1.86 

1.74 

negligible 

0.08 

16.0 


control 










anaerobic* 

1.86 

1.86 

1.74 

trace 


6.4 



As the sprout extracts are derived from macerated samples, it would 
seem unlikely that such a high degree of enzymatic action would occur 
with the whole bean sprout during ordinary cooking procedures. For 
this reason a 10 g. sample of the same bean sprouts (soya-Cayuga) was 
placed in 100 ml. of boiling distilled water and boiled for five minutes. 
The beans were then separated from the water by a strainer. Aliquots 
from a gross sample were assayed previous to cooking. Following the 
boiling the entire 10 g. and cooking fluid weiTS analyzed for their vitamin 
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C content. By this method it was possible to ascertain the loss of the 
vitamin by the ordinary cooking method of boiling (Table IV). 


TABLE IV 

Vitamm C Loss in Bean Sproitts by a S Minute Boiling Period 



Mg ascorbic acid in substance assayed 

Raw sprouts 

(b) 

Cooked sprouts 

(o) 

Cooking fluid 

Dehydroascorbic acid 

none 

0.1 

wmam 

Ascorbic acid 

1.6 

0.61 


Total vitamin C 

1.6 

0.71 

0.6 


Loss of vitamin from sprout into cooking water *= (a) — (b) = 0.89 mg. (55.3%). 
Loss of vitamin by oxidiation = (a) — (b) -j- (c) = 0.29 (18%). 


The total loss of the vitamin from the sprout during cooking is 55.3%, 
but 38% of this loss can be accounted for by its presence in the cooking 
liquor. The loss by oxidation, whether in the bean sprout proper or in 
the liquor has a significant value of 18%. The total loss compares quite 
well with those observed in Table II. 

Biological assay of vitamin C in cooked sprouts . — It appears that from 
0.75-1.2 mg. of ascorbic acid, daily, seem to satisfy the requirements of 
the weanling guinea pig for this vitamin. For assay, five groups of 
10 pedigreed buff strain weanling pigs were used. All of the groups 
were placed on the scorbutic diet. One group remained on this diet, 
the others received the following daily supplements: 0.5 mg. ascorbic 
acid per pig; 1.2 mg. ascorbic acid per pig; 0.5 mg. ascorbic acid present 
in cooked sprouts per pig; 1.2 mg. ascorbic acid present in cooked 
sprouts per pig. Growth curves gave equivalent comparable results for 
the guinea pigs receiving the vitamin in synthetic form and those 
receiving it in a natural form. Both groups on 0.5 mg. of the vitamin 
daily exhibited a poor weight gain; those on 1.2 mg. made the expected 
gain and those animals on a vitamin C-free diet died at varying in- 
tervals of 18-26 days and were autopsied. Adrenal, liver, bone marrow 
and muscle were sectioned for study; the presence of hemorrhages and 
the defect in collagen and reticulum were regarded as pathognomonic 
for scurvy. The others were killed in 30 days for similar study and failed 
to exhibit scorbutic lesions. 
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T* Days 
Kio. 1 

Average Clrowth CJurves of Guinea Pigs (20 t»o each series) receiving Vitamin C 
from Synthetic and Natural Sources 

Summary 


1. Bean FJprouts may lose some vitamin C (56%) during cooking 
but still remain a fair source of the vitamin. The amount present in 
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cooked sprouts (6-19 mg. per cent) is comparable to that found in 
certain potatoes and cabbages. 

2. The loss of vitamin C in bean sprouts through processing is due in 
part to its diffusion into cooking fluid and in part to enzymatic 
oxidation. 
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The Structure of the Water-Insoluble Pigment 
of the Bark of “Sangre de Drago” 

Ernesto Sodi Pallares 

Fiom the Nalimial Institute of Cardiology, Mexico Ctty, Mexico 
Hficeived Marcli 12, 1946 

Intkoduction 

The bark of the “Sangre de Drago” tree contains an interesting 
coloring material. Although the color of the bark is red, on extraction 
with hot water another coloring material is removed, and the bark 
thereby as.sume8 a deeper red color than it possessed prior to this 
extraction. It i.s this second water-insoluble red pigment with which 
this investigation is concerned. The “Sangre de Drago” species grows 
abundantly in a territory of Mexico which is in the provinces of 
Michoacan and Guerrero. 


Experimental 
Isolaiion of the Figtnmi 

About 30 kg. of bark were exhaustively extracted with boiling water until the 
water drained off colorless. The dried residue was macerated with benzene in the 
cold for 7 days to remove resinous matexial. The pigment was then extracted with 
30 liters of petroleum ether. All but 500 ml. of the solvent was removed in vacw> 
whereby a yellow solid material settled out. This was filtered off and 1 liter of water 
added to the filtrate. The residual petroleum ether was removed in vacuo, when the 
red pigment settled out because of its insolubility in water. The product was filtered 
off, washed with water and dried. The crude material (29 g.) was recrystallized 
several times from methanol until a constant m.p., 292®C. was obtained. 

Anal: C, 76.4; H, 6.2; N, 7.3 
The simplest possible over all formula seems to be: 

C48H4SO4N4 

Bromimtion of the Pigment 

One g. of the red substance, dissolved in petroleum ether, was treated with a 
solution of bromine in CCU until bromine was no longer absorbed. No HBr was 
given, off and the uptake of bromine amounted to 0.43 g. On the basis of the molecular 
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weight of the parent compound (718), one molecule would take up 320.78 g. or 
two molecules of bromine. The analysis of the brominated product showc^d tliis to 
be the case. 

The solvent was removed in vacuo and the crude brominated compound recrystal- 
lized from methanol. 

Anal.: Calc, for C loH 4^0 iNiBriiBr, 30.8 
Found for CibHibOiNiBriiBr, 29.9 

This substance has, accordingly, two unsaturated double bonds in the molecule. 
Hydrolysis of the Pigment 

Five g. of pigment were hydrolyzed with 200 ml. ol H2SO4 at pll 4 for 16 hra. 
The reaction mixture was neutralized witli BaCOj and then extracted with chloro- 
form. Evaporation of this solution in vacuo gave rise to 2.329 g. of a hydrolysis 
product, A, which was recrystallized from ethanol. The white needles so obtained 
melted at 209°C. 

Anal.: C, 70.1; H, 6.0; N, 14.6 

The chloroform-extracted residue was thereupon extracted with ether and, on 
evaporation of the ether m vacuo, a second hydrolysis product, B, was obtained 
(2.32 g.). It was a pink crystalline substance which, on recrystallization from ethanol, 
melted at 217®C. 

Anal: C, 76; H, 6.6 
Bromination of Compound B 

The bromination of compound B was carried out as previously described. One 
half g. of the product took up 0.42 g. of bromine. The brominated compound was 
isolated and recrystallizcd from otlianol. 

Anal.: Calc, for C24H2604Bri:Br, 45.8 
Found for 44.9 

Ozonization of Compound B 

Three g. of the comixiund were treated with ozone accordmg to the method of 
Harries (1) and the ozonidc formed decomposed by treiiting with water. A solitl 
fraction obtained was filtered oil and recrystallizcd from ether; m.p., 1 14°(1. 

Anal.: CWc. for CJ4ll60«:C, 26.3; II, 3.3 
Found for CiHbOaiC, 26.2; II, 3.1 

Preparation of Derivatives of iir-Propylphenyl ketone 

The oxime and a semicarbazone of the hquid fraction obtained from the hydrolysis 
of the ozonide of compound B were prepared according to standard procedures. 
The in.p. of the oxime was 49.9°C. and of the semicarbazone 183.7°C. 

Solid Fraction Obtained from Hydrolysis of the Ozonide of Compound B 

The solid derivative obtained as a result of the hydrolysis of the ozonide of com- 
pound B on recrystallization from ether melted at 1 14°C. Those data would identify 
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this compound as being dihydroxytartaric acid, since the melting point and analysis 
correspond satisfactorily. 

Anal: C^alc. for CiHeOgiC, 26.3; H, 3.3 
Found 0, 26.2; H, 3.1 

Preparation of the Diethyl Ester of Compound B 
The diethyl ester of compound B was prepared according to the method of Groggins 
(2), 0.5 g. of the compound and about 10 g. of ethyl alcohol being used. CaCh was 
added, the excess of alcohol removed in vacuo and the solution extracted with ether. 
The solvent was then removed in vacuo and the residue recrystallized from ethanol; 
m.p., 244°C. 

Anal: Calc, for C28Hs404:C, 77.4; H, 7.8 
Found for C28Hs404:C, 76.9; H, 7.6 

Ozonization of the Diethyl Ester of Compound B 
The method of Harries was again employed to ozonize the diethyl ester. The 
crude product obtained was then hydrolyzed with water. One of the compounds 
present, n-propylpheuylketone, was distilled (219.5°C.). The residue of the distillate 
was taken up with ethanol and, after removal of the latter in vacuOy the residue 
distilled again. B.p., 233°C. 

Anal. : Calc. CaHioOe: C, 47.5; H, 4.9 
Found C8HioOfl:C, 47.3; H, 4.5 ’ 


Discussion 

The pigment obtained by petroleum ether extraction of the bark, 
following an exhaustive extraction with hot water and benzene, is 
ruby red in color, crystalline and melts at 292®C. It is soluble in 
petroleum ether or hot methanol, slightly soluble in cold methanol 
and insoluble in water. Microqualitative analysis of the compound 
established the presence of C, H and N and the absence of S and 
halogens. Micro analysis established the following quantitative relation 
of the elements present: 

C, 76.4; H, 6.2; N, 7.3. 

Accordingly, the simplest empirical formula would be C46H46O4N4, 
This is corroborated by the molecular weight of the compound deter- 
mined according to the East method. The calculated molecular weight 
is 718 and the value found is 714.3. 

The presence of two unsaturated carbon linkages in the molecule 
was established by the fact that two molecules of bromine were taken 
up by the compound without evolution of HBr. On hydrolysis of the 
pigment two products were obtained. Component A is soluble in 
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chloroform and, on recrystallization from ethanol as white needles, 
melts at 209®C. and is laevorotatory = — 254® in CHCI3. 

Component B was obtained by ether extraction of the chloroform- 
extracted residue. It is a pink crystalline material which, on recrystal- 
lization from ethanol, melts at 217®C. 

Micro qualitative analysis of component A established the presence 
of C, H, N and the absence of S and halogens. The following quanti- 
tative relations of the elements present was established by micro 
analysis : 

C, 70.1;H, 6.0; N, 14.C 

The simplest empirical formula would be, therefore, C11H12ON2. The 
molecular weight of the compound, determined according to the 
East method, is 185.7 agreeing with a theoretical empirical formula 
of CuHwONs. 

Z-Peganine is described in the literature as having the empirical 
formula C11H12ON2, being laevorotatory = — 254® in CHCIj 

and melting at 210®C. The data for component A correspond with 
the data for Z-peganine thus establishing its identity. 

Similarly, the following data were obtained for component B. 
Presence of C and H by micro analysis: C, 76; II, 6.6. The simple 
empirical formula, therefore, would be C24H26O4. This is corroborated 
by molecular weight determination. The value obtained is 375.9 
while the theoretical value is 378 for C24H2604. 

There are two hydrolysis products of the parent compound 
C46H4eOtN4, the formation of which could be visualized as follows: 

C4.H4.O4N4 + 2H*0 -»-2 CuHi 20N2 + C24H2.O4 

A B 

(1-Peganine) 

The latter compound is acidic in nature and can be titrated with 
sodium hydi'oxide using phenolphthalein as indicator. There is indica- 
tion that the two unsaturated linkages found in the parent compound 
are part of compound B. It takes up two molecules of bromine giving 
rise to a tetrabromo derivative. On the basis of analsrtical evidence 
the formula for the newly formed product is C24H2604Br4. 

Advantage was taken of the unsaturated nature of compound B 
by treating it with ozone forming an ozonide. Upon treating the 
ozonide with water, two products were obtained, one liquid and the 
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other solid. The liquid portion was purified by distillation, boiling at 
219.5‘’C. Qualitative examination of this compound indicated the 
presence of a carbonyl group by reacting with phenylhydrazine and 
dinitrophenylhydrazine. Accordingly, the oxime of the compound, 
m.p. 49.9‘’C., as well as the semicarbazone, m.p. 183.7°C., was pre- 
pared. A search of the literature reveals that these data agree well 
Avith those available for w-propylphenylketone, establishing the nature 
of one component of compound B, the empirical formula being CioHi20. 

The solid product obtained from the ozonide of compound B on 
treatment with water, was recrystallized from ether and found to 
have a m.p. of 114®C. Assuming that on splitting an ozonide nith 
water two breakdown products arc obtained, both containing carbonyl 
groups, one should expect this compound to possess such a group. 
This, however, was not the case. Possibly such a product is affected 
by the conditions of the reaction giving rise to another compound 
^ after passing through the stage of the carbonyl compound. The 
following analytical data for the compound melting at 114®C. prove 
the presence of C and H; C, 26.2; H, 3.1. 

These data correspond with those presented in the literature for 
dihydroxytartaiic acid: m.p. 1 14®C; C, 26.3; H, 3.3. C4H8O8. 

The identity of the compound being established as dihydroxy- 
tartaric acid, its precursor formed during the splitting of compound B 
with water and containing a carbonyl group could be diketosuccinic 
acid. Data in the literature corroborate the ease with which this 
compound gives rise to dihydroxytartaric acid on treatment with 
water. 

Additional proof for the formation of diketosuccinic acid is afforded 
by the preparation of the diethyl ester of compound B, treatment 
with ozone and splitting of the ozonide 

(H+) 

C24Hs60i -f- 2C»H60II C28H,404 + 2H2O 

(’•ompound B Ktkanol Uiethylcstor B 

to give the diethyl ester of diketosuccinic acid and n-propylphenyl- 
ketone. 

The diethyl ester of compound B analyzed as follows: 


Calc, for C*8H8404:C, 77.4; H, 7.8 
Found for C28H8404:C, 76.9; H, 7.6 





o "o 

Diketosuccinic acid Dihydroxytariaric acid 
The diethyl ester of diketosuccinic acid, CgHioOe, analyzed as follows: 
Calc. forCsHioOetC, 47.5; H, 4.9 
Found for CgHioOeiC, 47.3; H, 4.5 

and boiling at 233®C. These data correspond with those available in 
the literature for the diethyl ester of diketosuccinic acid. 

Considering the data presented, compound B could be che result of 
union of two molecules of n-propylphenylketone and oae molecule of 
diketosuccinic acid: 


CH, O 

in, c^H 



(Ijh, \) 


Such a compound would be di(n-propylphenyl)-fulginic acid. 
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The following structure is, accordingly, proposed as corresponding 
with the qualitative and quantitative properties of the pigment. The 
schematic presentation of the degradation involved follows: 



H, 


H 


Nobdine 
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Summary 

The red coloring material extracted from the “Sangre de Drago” 
tree has been shown to have the empirical formula C46H4804N4. 

It has been shown to be the product of the union of two molecules 
of Z-peganine, CnHuONs, and one molecule of di(ft-propylphenyl)- 
fulginic acid. Accordingly, the pigment should be chemically designated 
as the di(Z-peganine ester) of di(n-propylphenyl)-fulginic acid. 

It is proposed to name this pigment: Nordine. 
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Introdckjtion 

It is known that some of the recognized alkaloids have a specific 
stimulator or inhibitor effect on nerve tissue and on the different 
effector organs. It is currently held that acetylcholine is synthesized 
in nerve tissue, is released by cholinergic nerves and participates in 
the induction of response of effector cells to indnect stimulation. The 
purpose of the following investigation was to determine: (1) whether 
certain alkaloids modify the synthesis of acetylcholine; and (2) 
whether the difference in the known pharmacological effects of the 
alkaloids can be explained on the basis of their action on the synthesis 
of acetylcholine. 


Method 

The effect of the alkaloids on the acetylcholine synthesis was studied by the 
method described previously (1, 2). Mixtures containing varying amounts of the 
alkaloids used (pH corrected to 7.4), 100 mg. of minced fresh frog brain, 3 mg. of 
physostigmine salicylate and 3 cc. of Ringer’s solution were shaken and incubated 
aerobically for 4 hours at 37®C. After incubation the amounts of acetylcholine 
synthesized wore assayed biologically on the sensitized rectus abdominis muscle of 
the frog. Whether the alkaloids modified the sensitivity of the rectus abdominis to 
the acetylcholine content of the mixtures during the 2 minutes of immersion for 
the biological assay was also ascertained by adding the substances to incubated 
control mixtures after incubation. If the alkaloids modified the sensitivity of the 
rectus abdominis to acetylcholine, the changes were accounted for in the calculation. 

Caicwkiizon— The amount of acetylcholine synthesized was calculated by sub- 
tracting from the acetylcholine content of the incubated mixtures the acetylcholine 
content of identical non-incubated mixtures. The amount of acetylcholine synthesized 


* This study was aided by a grant from the John and Mary R. Markle Foundation. 
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in the control mixtures containing only brain, physostigmine and Ringer's solution 
was taken as 100%. The acetylcholine content of the mixtures containing the various 
substances used was expressed as a percentage of the control. 


Results 


The amount of acetylcholine synthesized in the presence of the 
alkaloids used are given in Table I. In higher concentrations (3 mg./ 

TABLE I 

Effect of Alkaloids on Acetylcholine Synthesis 


Substance 


Amount of acetylcholine synthesized in per cent of control* 
Amounts (m mg.) of the substances added to 100 mg. frog brain: 



3 

0.3 

0.03 

0.003 

0.0003 

0.00003 

Amphetamine Sulfate 

51 

75 



106 

— 

Atropinet 

— 

66 


97 

99 

— 

Cinchonine 

8 

58 


106 

105 

— 

Cocaine 

31 

92 

120 

126 

130 

— 

Codeine 

76 

93 

97 


98 

— 

Colchicine 

14 

65 

81 


103 

— 

Ephedrine 

64 

112 

127 


130 

— 

Ergotamine 

— 

111 

122 

126 

137 


Morphine 

65 

90 

99 

99 

101 

— 

Pilocarpine 

69 

96 

96 



— 

Quinidine 

4 

43 

85 

109 

104 

— 

Quinine 

4 

31 


99 

102 


Strychnine 

6 

42 

90 

mm 

103 

— 

d-Tubocurarinet 

— 

45 


B9 

105 

— 

Veratrinet 

— 1 

29 

64 

81 

102 

— 

Yohimbine 

70 

107 


97 

103 

— 


* Each value represents the average of 10 separate experiments. The S.E. of the 
mean for each value was less than ± 5%. 

t Atropine, d-tubocurarine, and veratrine were not ust*d in higher concentrations 
since in those concentrations they prevent acetylcholine from acting on the test 
object, the sensitized rectus abdominis muscle of the frog. 


100 mg. frog brain) all the alkaloids used decreased the acetylcholine 


In lower concentrations cocaine, ephedrine and ergotamine increased 
the synthesis of acetylcholine. [Epinephrine is known to increase the 
acetylcholine synthesis in concentrations from 1 X 10“® to 1 X 10”"® 
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mol. from 50-150% (3).] Yohimbine and pilocarpine, in lower concen- 
trations, did not modify the acetylcholine synthesis. 

The other alkaloids, in lower concentrations, decreased the acetyl- 
choline synthesis; veratrin decreased the acetylcholine synthesis even 
in very low concentrations. 


Discussion 

In higher concentrations (3 mg./lOO mg. frog brain) the alkaloids 
studied decreased the acetylcholine synthesis. This decrease was 
probably due to some physicochemical property common to all 
alkaloids, e.g., denaturation of proteins. Free — OH groups alone do 
not duplicate the decrease of acetylcholine synthesis found in the 
presence of alkaloids, since the enzyme preparation synthesizes more 
acetylcholine at alkaline pH than at acid pH. Chemically related 
compounds (ammonia, pyrrole, pyridine, piperidine, quinoline) are 
also known to decrease acetylcholine synthesis (4, 5, 6) if used in 
higher concentrations. 

The effect of epinephrine in increasing the synthesis of acetylcholine 
may offer an explanation of the observation that epinephrine increases 
the effect of acetylcholine in the central nervous system (7). 

Some organs are more sensitive to atropine and others are more 
sensitive to curare. The present experiments suggest that such differ- 
ence in action of these alkaloids is not due to their effect on acetyl- 
choline synthesis since similar concentrations of atropine and d- 
tubocurarine were required to comparably decrease the synthesis of 
acetylcholine. 

Strychnine did not increase the synthesis of acetylcholine. These 
results suggest that the effect of strychnine on the central neivous 
system is not due to increased acetylcholine synthesis. 

The authors wish to express their gratitude to Dr. A. R. McIntyre for the generous 
supply of d-tubocurarine, to Smith, Kline and French Laboratories for the ampheta- 
mine sulfate, and to Sandoz Chemical Works, Inc., for the ergotamine. 

Summary 

1. The effect of 16 alkaloids on the synthesis of acetylcholine was 
investigated by a modified method of Quastel, Tennenbaum and 
Wheatley. 
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2. All the alkaloids used decreased the acetylcholine synthesis in a 
concentration of 3 mg./lOO mg. frog brain. Epinephrine, cocaine, 
ephedrine and ergotamine, in lower concentrations, increased the 
acetylcholine synthesis by from 20-150%. Yohimbine and pilocarpine, 
in lower concentrations, did not modify acetylcholine synthesis. 
Veratrine, quinine, quinidine, strychnine, amphetamine sulfate, mor- 
phine, codeine, cinchonine, colchicine, d-tubocurarine and atropine 
decreased the synthesis in lower concentrations. 

3. The specific stimulator and inhibitor effect of some of the alka- 
loids used on the nervous system and effector organs seem to be 
independent of their effect on the synthesis of acetylcholine. 
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Introduction 

It hoH been shown previously that the various muscles from a single 
animal may differ markedly in their content of certain of the B-complex 
vitamins (1, 2, 3, 4). Also, it has been observed that the concentration 
of each vitamin is correlated to some extent with that of the other 
vitamins, e.g., pork muscles rich in thiamine usually contain high 
levels of niacin but relatively low levels of riboflavin and pantothenic 
acid (4). Other workers have shown that the thiamine, riboflavin and 
pantothenic acid content of dark chicken meat is greater than that of 
the light meat (5, 6, 7, 8, 9). On the other hand, the niacin content of 
the dark meat has been reported to be lower than that of the light 
(9, 10). 

These variations in vitamin content must be related in some manner 
with the metabolism of the different muscles. However, wth the data 
now available regarding the distribution of vitamins in individual 
muscles and the metabolic functions of tlic vitamins it is difl5cult to 
explain the specific relationships between vitamin content and muscle 
metabolism. By comparing the vitamin content of several muscles of 
one species with the vitamin content of the same muscles of other 
species it may be possible to obtain additional information which will 
assist in elucidating the role of vitamins in muscle. Accordingly, a sttidy 
has been made of the distribution of vitamins in chicken muscles as 
representing avian tissue. This species seemed particularly interesting 
for study since variations in the colors of the muscles are quite ap- 
parent. 

Experimental 

Thirteen skeletal muscles, the heart, tiie liver, the gizzard and a portion of the skin 
from each of three White Rook chickens were used in the vitamin studies. The first 
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chicken, a cockerel, and the second, a pullet, were approximately four months old. 
Those birds had been raised on practical poultry rations supplying approximately 
2.4 7 thiamine, 1.9 7 riboflavin, 26.8 7 niacin and 5.5 7 of pantothenic acid/g. of 
feed. The third chicken was an 11 month old White Rock pullet from a laying flock. 
While this bird was not actively laying, immature eggs were present in the ovary. 
The mash being used as feed for the laying flock at this time contained approximately 
2.77 7 thiamine, 14.5 7 riboflavin, 28.1 7 niacin, and 5.6 7 of pantothenic acid/g. 

The muscles from two young birds (same flock as the first two) were used for the 
proximate analyses as some of the muscles were too small to supply sufficient tissue 
for both vitamin and proximate analyses. Another bird from this flock was used for 
determination of the relative intensities of the colors of the muscles. 

Each bird was killed by piercing the brain and severing the jugular veins, allowed 
to bleed thoroughly, defeathered and then dissected immediately. All surface fat 
and as much of the tendons and fascia as possible were removed from the muscles. 
For the vitamin analyses, paired muscles from the two sides of each bird were pooled, 
weighed, cut into small pieces, covered with water and allowed to stand for a few 
minutes. Using a Beckman Model G pH meter the pH value of each sample was 
determined. The sample was then washed into a Waring Blendor and blended with 
sufficient water to give one to three dilution, including the water previously used to 
moisten the sample. 

Portions of the blends were weighed into flasks for extraction of the vitamins 
according to the procedure of Cheldelin et ah (11), with the exception that the enzyme- 
treated suspensions were heated in a boiling water bath for only 10 minutes. It has 
been shown that longer treatment results in significant losses of thiamine (12). 
Thiamine analyses were conducted directly on the filtered solutions, using the thio- 
chrome procedure of Hennessy and Cerecedo (13). Riboflavin determinations were 
made according to the fluorometric method of Peterson, Brady and Shaw (14). Also, 
microbiological riboflavin assays were conducted by a method similar to that of 
Snell and Strong (15). Niacin and pantothenic acid analyses were made micro- 
biologically on dilutions of the filtered extracts (16 and 17). 

Because of the small size of some of the miiscles, only one analysis of each sample 
was made for each vitamin (except in cases where the values seemed atypical). 
However, use of these methods on similar series of analyses indicates that duplicate 
analyses would probably have chocked those shown within 10%. Likewise, because 
of the small amounts of samples, the various muscles from the two birds taken for 
proximate analysis wore pooled to give sufficient tissue for use in the application of 
the Association of Official Agricultural Chemists' methods for protein and moisture. 

Since the color of muscles is largely due to various respiratory pigments, intensities 
of the colors of the muscles were estimated using a Photovolt reflectance meter, 
Model 610, and a blue filter of the tri-stimulus series. To increase sensitivity the 
instrument was adjusted to show 100 scale deflections using a grey color card which 
showed 29% reflectance, based on 74% for the standard glazed white plate. Each 
muscle was slit longitudinally to show the color of the interior of the muscle and 
pressed fiat under a microscope slide to obtain a plane surface before reflectance 
readings were taken. Attempts were made to select areas free from fat and connective 
tissue, cither of which would give a large increase in reflectance. Most of the muscles 
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wore fairly uniform in color, but several were noted in which inhere was considerable 
variation. In such cases an area representing average reflectance was selected. Re- 
flectance readings with a single filter include variations in both hue and intensity, 
but for purposes of corndations with vitamin content it was thought unnecessary to 
obtain values for total reflectance. 

The data obtained have been arranged in Tables I and II and 
Figures 1-5 to permit comparison of the vitamin contents of the 
various muscles and to show the correlations discussed below. 
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Discussion 

The vitamin content of chicken moat differs markedly from on<i 
muscle to another, even in the same bird. These variations arc in agree- 




Figs. 1~4 

Variations in Vitamin Content of Chicken Muscles 

Figures 1-4 Chicken No. 1, Chicken No. 2, Chitsken No. 3. 

In Fig. 2, o o traces the reflectance values, (see text) for the muscles of a chicken 

from the same flock as Nos. 1 and 2. The muscles have been arranged arbitrarily 
along the abscissa in order of descending value of riboflavin. 
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TABLE I 


7 of Vitaniina/G. of Tissue 


Sample* 

Thiamine 

Riboflavin'* ^ 

Niacin 

Pantothenic Acid 

Ammal No. 

Animal No. 

Animal No. 

Animal No. 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

Biceps femoiis 

0.9 

0.9 

1.0 

■El 

1.2 

0.7 

75.6 

75.5 

75.0 

2.0 

3.6 

■n 

Semitendinosus 

.9 

.8 

.9 

1.9 

2.5 

2.5 

68.5 

72.5 

71.5 

4.0 

6.3 

7.6 

Quadnceps femoris 

1.0 

.8 

1.0 

1.8 

3.1 

2.0 

59.0 

69.5 

57.0 

3.3 

4.4 

10.6 

Gluteus gpoup 

1.0 

1.3 

1.0 

1.9 

3.8 

2.1 

66.8 

108.5 

67.0 

2.6 

7.0 

10.6 

Semimembranosus 

.9 

1.4 

1.0 

1.0 

1.6 

.8 

75.6 

135.5 

80.0 

2.4 

3.8 

5.8 

Adductor 

1.3 

1.1 

.8 

3.3 

4.9 

2.9 

61.8 

65.0 

45.0 

4.0 

6.6 

7.8 

Gastrocnemius 

1.1 

1.0 

1.0 

1.1 

2.2 

1.7 

56.8 

58.5 

53.5 

2.9 

4.8 

5.7 

Peioneus longus 

l.O 

.8 

1.0 

1.2 

1.6 

l.l 

58.3 

56.5 

56.5 

2.4 

3.6 

7.9 

Tibialis cranialis 

.8 

.9 

1.0 

2.1 

2.1 

2.2 

75.0 

75.5 

mMm 

2.4 

4.2 


Peotoralis superficialis 

.5 

.7 

.0 

0.5 

0.7 

.7 

124.8 

131.7 

123.7 

1.2 

1.6 

4.9 

Pectoralis profundus 

.5 

.6 

.5 

0.7 

0.8 

.7 

125.0 

110.0 

100.0 

1.5 

1.5 

4.6 

Biceps brachii 

.4 

.6 

.0 

.7 

.8 

.7 

82.0 

84.0 


1.1 

1.3 

5.4 

Triceps biachii 

.0 

.f) 

.7 

1.0 

.9 

l.O 

96.8 

86.5 

80.0 

2.2 

1.6 

4.4 

Liver 

.9 

.0 

.0 

21.7 

29.4 

15.4 

139.0 

118.0 

137.5 

22.0 

17.6 

27.5 

Heart 

2.2 

2.1 

.9 

10.5 

9.6 

8.3 

29.1 

77.5 

45.6 

12.6 

11.5 

12.5 

Gizzard 

.4 

.4 

.3 

2.1 

2.4 

2.0 

45.6 

53.0 

40.7 

2.8 

3.0 

3.4 

Skin 

.1 

.2 

.1 

.9 

1.3 

0.4 

16.3 

35.0 

7.0 

1.2 

2.9 

1.5 

Ratio highest muscle to 













lowest 

3.1 

2.7 

2.1 

6.6 

mi 

2.2 

2.2 

2.4 

2.7 

3.6 

5.4 

2.4 


* Nomenclature of muscles based on that of Chamberlain (18). 

** The values shown were obtained fluorometrically but microbiological analyses 
gave essentially the same figures. 


dark muscles (or the various light muscles) are not sufficiently great 
to clearly define a distribution pattern within those two conventional 
classifications (Fig. 1). 

With riboflavin, however, greater differences exist between muscles. 
Not only do the dark muscles show two to five times more riboflavin 
than the light muscles, but certain of the dark muscles are outstanding. 
Thus, in all three birds the adductor contains the most riboflavin and 
the semitendinosus, quadriceps fcmoris, gluteus and tibialis cranialis 
muscles tend to be significantly higher than the biceps femoris, semi- 
membranosus, gastrocnemius and peroneus longus. Relationships such 
as that between the biceps femoris and the semitendinosus are espe- 
cially interesting, since these muscles lie side by side, yet differ in 
riboflavin content by 100% or more (Fig. 5). Likewise, the semimem- 
branosus, one of the dark muscles lowest in riboflavin, lies between 
the adductor and semitendinosus, both of which are rich in this 
vitamin. The data shown were obtained fluorometrically, but exactly 
the same picture was obtained with microbiological analyses. 
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Although the data are less consistent, the general pattern with 
respect to pantothenic acid is similar to that for riboflavin (Fig. 3). 
Again the dark muscles are richer than the light. The adductor, gluteus, 
quadriceps femoris and semitendinosus muscles are richest in panto- 
thenic acid, and the biceps femoris, semimembranosus and peroneus 
longus are among the dark muscles low in pantothenic acid. As with 
riboflavin, muscles of low and high potencies lie side by side. It is 
^interesting to note that the pantothenic acid values for bird No. 3 are 
considerably higher than those for birds No. 1 and No. 2, regardless of 
the fact that the feeds contained similar amounts of this vitamin. 
Whether the higher pantothenic acid content observed for this bird is 
typical of older or laying birds was not determined. 

Although the differences in potencies of niacin are not so marked as 
those for the other vitamins, they show interesting trends (Fig. 4). 
With respect to this vitamin the light muscles are definitely richer 
than the dark muscles. The adductor, which is rich in riboflavin and 
pantothenic acid, is one of the poorest in niacin. Similar inverse 
relationships tend to hold with the other muscles. 

Excepting thiamine, the above relationships parallel those noted in 
the pig (4). There it was observed that muscles rich in riboflavin were 
usually rich in pantothenic acid, but that they were usually poor in 
thiamine and niacin. In the chicken, thiamine seems to parallel the 
riboflavin and pantothenic acid values rather than the niacin. Perhaps 
the peculiar ability of the pig to accumulate thiamine in its tissues will 
eventually be shown to be connected with these differences. 

The pH values for the light muscles are definitely lower than those 
for the dark muscles but there is little variation within the dark muscles 
(Table II). Ilencc this factor does not seem directly related to vitamin 
content. Muscle size, as indicated by weight, also seems independent 
of vitamin potency. Likewise, variation in proximate analyses do not 
explain the fluctuations in vitamin values. 

That the colors of the muscles may be correlated with vitamin con- 
tents is evident from Fig. 2, in which the reflectometer readings are 
plotted along with the riboflavin values. In general, the dark muscles 
contained the largest amounts of thiamine, riboflavin and pantothenic 
acid and the lowest amounts of niacin. In the chicken these darker 
muscles, being located in the legs and back, undoubtedly have greater 
functional activity than the wing and breast muscles. These observa- 
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TABLE II 


Sample 

Weight m g.* 

pH 

Ooloi-^» 

Wa- 

ter 

PlO- 

tem**- 


No. 1 

No. 3 



Biceps femoris 

27.7 

37.0 

6.0 

6.2 



pel cent 

22.1 

per cent 

1.8 

Semitendinosus 

18.5 

18.2 

6.0 

6.2 

34 

77.6 

19.9 

2.5 

Quadriceps femoris 

29.4 

40.5 

6.0 

6.4 


76.5 

21.2 

2.3 

Gluteus group 

21.1 


6.1 

6.3 


76.5 

21.1 

2.4 


14.4 

21.9 

6.1 

6.1 

51 

76.8 

21.8 

1.4 

Adductor 

15.5 

18.8 

6.1 

6.3 


76.6 


3.3 

Gastrocnemius 

47.7 

53.6 

6.1 

6.3 


76.1 

21.8 

2.1 

Peroneus longus 

15.2 

15.1 

6.1 

6.3 


75.2 

22.9 

2.6 

Tibialis cranialis 

15.3 

17.4 

6.0 

6.3 

36 

77.8 


1.3 

Peotoralis superficialis 

125.1 

189.9 

5.7 

5.6 

69 

73.4 

24.5 

2.1 

Pectoralis profundus 

49.7 

83.4 

5.7 

5.6 

63 

74.3 

24.1 

1.6 

Biceps brachii 

6.7 

8.6 

5.8 

5.7 

72 

75.0 

21.9 

3.1 

Triceps brachii 

14.8 

19.4 

6.1 

6.1 

58 

75.6 

22.4 


Liver 

36.9 

Kim 

6.0 

6.2 

— 

73.2 

17.8 

9.1 

Heart 



6.6 

6.3 

— 

78.2 

15.7 

6.1 

Gizzard 

48.7 

31.8 

6.6 

6.4 

— 

76.8 

18.8 

4.4 

Skin 

— 


6.3 

6.8 

— 

69.5 




'* Weight of muscles from both sides of chickens No. 1 and No. 3. 

** See text. These values represent chickens from the same flock as No. 1. 

*** Portions of this muscle were much lighter, but the reading shown seemed most 
typical 

tions agree with those of Palladin (19) who reports “the gi'cater the 
work capacity of muscles . . . the greater is its flavine content,” 
Although differences in intensity of color of the “dark” muscles could 
not be correlated with vitamin content in every case, it is signifleant 
to note that, in all chickens examined, the semimembranosus and 
biceps femoris muscles were noticeably lighter in color than the other 
“dark” muscles and that their vitamin contents were intermediate 
between the “light” and “dark” muscles. This lends support to the 
assumption that color, function and vitamin content are interrelated. 

Gross examination of the color of ground pork muscles revealed no 
consistent relationship between color and vitamin content (4). Failure 
to observe better correlation may have been due to the use of ground 
muscles in which tendon and fat contributed to the general color. 
Even there, however, those muscles showing definitely higher ribo- 
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flavin and pantothenic acid values tended to be dark in color as com- 
pared to those low in these vitamins. In this connection it might be 
pointed out that the relatively light colored inactive pork loin con- 
tained low amounts of riboflavin and pantothenic acid but higher 
amounts of thiamine and niacin, thus resembling chicken breast muscle 
with the exception of thiamine. 

The available evidence thus indicates that in both species color, 
function and vitamin content may be interrelated. This might well be 
expected in view of the participation of both vitamins and muscle 
pigments in cellular metabolism. It is hoped that further investigation 
will more clearly define these relationships and assist in elucidating 
the roles of the various active components. 

Summary 

Thiamine, riboflavin, niacin and pantothenic acid have been deter- 
mined in thirteen skeletal muscles, the livers, hearts and gizzards of 
three chickens. 

The vitamin contents of muscles from a single bird vary as much as 
500%, typical values being, in terms of y/g. of muscle: thiamine, 
0.4r-1.3; riboflavin, 0.6-3.5; niacin, 56.8-125.0; and pantothenic acid, 
1. 1-4.0. Vitamin contents of the gizzards also fall within these ranges. 
While the hearts and livers do not differ significantly from the muscles 
in thiamine or niacin content, they do contain more riboflavin, the 
ranges being 9.3-10.5 and 15.5-29.4 y/g., respectively. Likewise, the 
pantothenic acid content of these organs is high, being 11.5-12.6 y/g. 
of heart and 17.6-27.5 y/g. of liver. 

Muscles which are rich in a vitamin in one bird tend to be high in 
the same vitamin in other birds. There appears, therefore, to be a 
general vitamin distribution pattern for the relative amounts of the 
vitamins in the various muscles. Muscles containing relatively much 
thiamine usually contain high levels of riboflavin and pantothenic acid, 
but relatively low levels of niacin. 

Although the vitamin contents of the “dark” muscles differ widely 
among the various “dark” muscles from each bird, these tissues contain 
two to three times more thiamine, riboflavin, and pantothenic acid 
than the lighter colored muscles. The reverse is true with niacin, 
however, the “light” muscles being two to three times richer in this 
vitamin. 
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Inasmuch as those muscles rich in thiamine, riboflavin and panto- 
thenic acid tend to be darkest in color and to be the most active, it is 
probable that color, vitamin content and function of muscles are 
interrelated. 
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Introduction 

Recently Porter and Zscheile (1) found considerable quantities of 
f-carotene in certain experimental tomato strains.^ The extraction, 
isolation and purification of this pigment has been described by Nash 
and Zscheile (2), who also presented the specific absorption curve of the 
new carotene. This paper reports the bioassay of f-carotene in com- 
parison with /S-carotene for vitamin A activity. 

Experimental 
Method of Preparing Solutions 

{•-Carotene was chromatographed on magnesia * — Super-Cel and alumina columns 
until free from all colored impurities. It was eluted with alcohol and hexane and, 
after removal of the former, the purity and quantity of {■-carotene were determined 
spectroscopically. The desired quantity of hexane solution was pipetted into Wesson 
oil having a peroxide number of approximately 4, and 0.3% of a-tocopherol was 
added. The hexane was removed from the oil at room temperature under reduced 
pressure. The remaining solution was poured into several test tubes. These were then 
sealed under vacuum and stored (approximately 2 months) at — 20®C. until the 
biological assays were made. 

The /3-carotene used as a standard for biological comparison was obtained from 


^ Journal Paper No. 247, Purdue University Agricultural Experiment Station. 
This investigation was supported in part by a grant from The Nutrition Founda- 
tion, Inc, 

* Ensign U.S.N.R. This article is not intended to reflect official views of the Navy 
Department. 

« Present address: Department of Botany, University of Chicago, Chicago, Illinois. 

* [Pan American X Fi (Pan American X L. hirsutum 892)] X. L, hirsutum 892 
* Federal Plant Introduction No. 126446. 

* No. 2641 Adsorptive Magnesia, Westvaco Chlorine Products Co., Newark, Calif. 
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tomatoes. After extraction, it was chromatographed on magnesia-Super Cel columns 
until free from other carotenes. It was crystallized from hexane and ethanol (9). 
Some of the carotene was then dissolved in hexane and its purity determined spectro- 
scopically. The remaining steps in the preparation of samples were the same as for 
f-carotene solutions. Only one solution of /3-carotene was prepared (0.3 7/drop). 

Method of Asmy * 

The U.S.P. method of assay as outlined in the U.S.P. XII was used. 

Twelve rats were used on each level of carotene. They were fed from calibrated 
droppers at the following levels. 

f-carotene 1.2 7/day 

f-carotene 10.0 7/day 

U.S P. Reference Cod Liver Oil No. 3 1.5 U.S.P. units Vit. A/day, calculated 
equivalent to 0 9 7 ol /S-carotene 

/3-carotene O.ti 7/day 

/S-carotene 0.9 7/day 

/3-carotene 1.2 7/day 

The samples were kept at 4°C. during the assay period. No samples were opened 
until required for feeding purposes and then at least two fresh tubes were used per 
week. Table I shows that the /3- and ^-carotene solutions were stable under these 
conditions for at least 4 days after opening the ampoules.’ 

TABLE I 

Stability of Carotene Solutions Used in Bio-assays 


/3-Carotene 


Wave length 

Absorption | 

in hexane at 


A 

0 days 

2 days 

6 days 

4780 

.392 

.393 

.394 

4500 

.450 

.447 

.449 

4360 

,349 

.351 

.352 


f-Caroteno 




0 days 

4 days 


4250 

.480 

.482 


4000 

.498 

.484 


3860 

.252 

.253 



®The bioassays were performed under the supervision of Dr. C. H. Krieger, 
Wisconsin Alumni Research Foundation Laboratory, Madison, Wisconsin. 

’ Aliquots were dissolved in 25 ml. hexane and then extracted successively with 
two 25 ml. portions of 20% KOH in methanol, and two 25 ml. portions of 90% 
methanol. The methanol solutions were re-extracted with a small quantity of hexane. 
The combined hexane solutions were washed, filtered and made to volume. 
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Results 

f-Carotone showed no vitamin A activity at either level of feeding. 
Of the twenty-four rats fed at the two levels, only seven survived the 
four week assay period. Only two of these gained weight (3 and 5 g.). 

The rats on the three levels of jS-carotene far exceeded the expected 
increase in weight during the assay period. Table II shows the growth 

TABLE II 

Comparison of Grou'th Response of Vitamin A Deficient Rats Fed 0-Carotene, ^'-Carotene 
and Reference Cod Liver Oil No. S 


Supplement 

/3-Carotcne 

Gain in Weight'^ 

28 days 
gms. 

0.6 y daily 

35.6 

0.9 y daily 

51.2 

1.2 7 daily 

Reference Cod Liver Oil No. 3 

53.3 

(1.5 U.S.P. units daily) t 

C-Carotene 

32.2 

1.2 y daily 

-- 25.0 (only 3 survived) 

10.0 y daily 

Average for 12 rats. 

— 10.0 (only 4 survived) 


t Calculated equivalent to 0.9 y of |S-carotene. 

of the rats on the three levels of jS-carotene, two levels of f-carotene, 
and on the one level of U.S.P. Reference Cod Liver Oil. 

Discussion 

Of the carotenes occurring in largest amounts in most fruits and 
vegetables only lycopene and its isomers lack vitamin A activity. 
cf, 0-, and T-carotenes and all of their ci«-isomers, which have been 
tested, have some activity (3). The lack of activity shown by f-carotene 
plus the similarity of the shape of its light absorption curve to that of 
lycopene strongly suggests that the two have the same general type of 
structural configuration. 

Recently, Deuel et al, (4) noted that vitamin A deficient rats fed 
pure /J-carotene gained much more weight during an assay period than 
animals fed an equal number of units (calculated) of vitamin A in 
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U.S.P. Reference Cod Liver Oil.® The same results were obtained in 
these assays. Table III shows that our data on /9-carotcnc check well 
with those of the California workers. The basal diet used in the assay 
of our materials contained ample tocopherol; experiments had shown 
that further additions of cetocopherol did not increase the growth 


TABLE III 

Summary of Grmoth of Rats fed Reference Cod Liver Oil No. S and Carotene Prepared 
at Purdue University and California Institute of Technology 


Supplement 

Dose 

per 

day 

Number 
of rath 
complet- 
ing assay 

Av. wt. 
prior to 
depletion 

Av. de- 
pletion 
period 

Aveiago body weiglit during 
assay penod (28 days) 

Initial 

Final 

Change 


y 


ff. 

days 

0. 

0. 

0- 

i3-carotcne^ 

0.6 

IP 

41.0 

32.5 

92.4 


35.6 

jS-carotcnc® (5) 

0.6 

15 

41.5 


88.8 

114.0 

25.2 

/3-carotcnc® (3) 

0.6 

16 

41.8 

21.0 


113.4 

29.4 

/3-carotenc^ 

0.9 

12 

41.1 

32.6 


144.2 

51.2 

/3-carotene® (4) 

0.9 

16 

43.4 

18.4 

75.4 

129.1 

53.7 

Reference C.L.O. No. 3 








1.5 U.S.P. units^ 


12 

41.7 

32.6 


125.6 

32.2 

/3-carotene^ 

1.2 

12 

40.9 

32.6 

93.8 

147.1 

53.3 

/3-carotonc® (6) 

1.2 

16 

42.0 

22.0 

91.2 

139.1 

47.9 

/8-carotene® (3) 

1.2 

15 


19.0 

86.8 

138.4 

51.6 


^ Prepared at Purdue University; assayed at Wis. Alumni Kes. Found., Madison, 
wis. 

® Only male animals were used in our assays, while the California group used both 
males and females. 

® Prepared at California Institute of Technology; assayed at University of Southern 
California. 

* Calculated equivalent to 0.9 7 of /3-(»arotene. 

response to cod liver oil (8). Accordingly it would appear that the 
U.S.P. reference standard actually contains less vitamin A units/g. 
than it is stated to contain. If so, many data obtained by biological 
assays need re-evaluation before they can be compared quantitatively 
with chemical data (4, 6, 7). 

* After this paper was complete, a comparison of the vitamin A activity of U.S.P. 
Reference Cod Liver Oil No. 2 and crystalline j9-carotene was reported by Callison 
and Oront-Keiles (10). These workers obtained results very similar to those found in 
our laboratory and by the California workers. Rats fed 1.0 7 of /3-carotene daily 
gained 53.2 g. in 28 days. 
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Summary 

f-Carotene was assayed for vitamin A activity and found inactive. 

The rats fed pure jS-carotene gained much more weight during the 
assay period than expected. This result is discussed in relation to the 
present vitamin A standard. 
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Introduction 

The existence of proteolytic enzymes in wheat flour is well known to biochemists, 
and has been noted by Balland (1884), and measured by Ford and Guthrie (1908) 
and Swanson and Tague (1916). Baker and Hulton (1908) and Stockham (1920) 
also found proteolytic activity to be present in flour by adding flour to suitable 
substrates and determining changes in the substrate induced by the proteinase 
contained in the flour. Cairns and Bailey (1928) obtained a ferment preparation 
from aqueous flour extracts that digested casein. Various other workers have also 
contributed to our knowledge of flour proteinases. 

Balls and Hale (1936, 1936a, 1938) described the preparation and properties of a 
proteinase from wheat bran, and thought it was essentially papain-like in type, 
since it resembled papain in several of its characteristics. Hale (1939) also extracted 
a proteinase from patent flour, without, however, satisfactorily purifying it. The 
l)ehavior of this preparation toward reducing and oxidizing agents led Hale to 
(conclude that it contained an enzyme of the papain type and similar to the proteinase 
extracted from wheat bran. Olcott, Sapirstein and Blish (1943) found a flour pro- 
teinase adsorbed on gluten dispersed in acetic acid to be responsible for the changes 
suffered by gluten in this reagent (Rose and Cook, 1935; Cook and Rose, 1935). 
This proteinase was inactivated by heating for short periods at lOO'^C. and no changes 
in the physico-chemical properties of the dispersion were detected on standing. 
Harris and Johnson (1945) confirmed the presence of proteinase in acetic acid dis- 
persions of gluten and the inhibitory effect of heat. 

The presence of active 'proteinase in acetic acid dispersions of 
gluten offered an opportunity to observe certain properties of the 
enzyme without the necessity of preparing it in the dry, purified 
form. As pointed out by Balls and Hale (1938), there are distinct 
advantages in working with purified preparations since the concen- 
tration and purity can be well controlled, and more direct comparisons 
obtained, therefore, with other enzymes of the same type. However, 
there is present also the possibility that salient properties of the 

♦ Published with the approval of the Director of the Experiment Station. 
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enzyme may be altered or destroyed in the process of separation and 
purification. In the present investigation, the inactivation temperature 
(10 minute heating period), and optimum reaction temperature of 
gluten proteinase and 0.04% papain in 0.1 iV acetic acid were deter- 
mined. In addition, the rate of activity of gluten proteinase at the 
optimum temperature was ascertained. 


Experimental 

A commercial type hard red spring wheat flour containing b’.B8% ash and 12.0% 
protein (N X 5.7) on 13.5% moisture basis was employed for preparing the ^uten. 
The glutens were separated from the flour and dispersed in 0.1 iV acetic acid by tne 
method described by Harris and Johnson (1945). Briefly, this method involves 
dispersing 50 g. of crude wet gluten in 350 ml. of the acid in the Waring Blender. 
Drying ovens, a dough fermentation cabinet and constant temperature baths were 
utilized for holding the dispersions at constant temperature levels when ascertaining 
the optimum reaction temperature of the two enzymes. The ovens and fermentation 
cabinet were susceptible of a temperature variation of ± 1°C. from the point at 
which they were set. The constant temperature baths, of course, had a more precise 
control. There is little doubt that the precision of temperature control was well 
within the accuracy limits of the determinations for proteolytic activity. The protein 
concentration of the dispersions was found by the Kjeldahl-Gunning mcth(^ and, 
by subtracting the concentration of the dispersion after fractionation from the 
quantity of protein in the original, the quantity removed per 100 ml. of dispersion 
was obtained. Fractionation was accomplished by adding specified amounts of K2S04 
and allowing the dispersions to stand approximately 18 hours at 5°C, to keep enzy- 
matic activity at a minimum, before removal of the precipitated protein. The precipi- 
tated protein was removed by centrifuging for 20 minutes at 1850 r.p.m. in an 
International type SB centrifuge; the supernatant liquid was then decanted from 
the residual protein, and the protein content determined. Amino nitrogen was 
ascertained by the Sorensen fonnol titration method, as modified by Oloott, Sapirstein 
and Blish (1943) for use with acetic acid dispersions of gluten. Relative viscosity 
was found with the Hoepplcr viscometer at 25®C. 

Unheated dispersions reserved for the study of gluten proteinase activity were 
held at 0®C. to prevent proteolytic activity until used. Dispersions employed for the 
papain investigations were heated at 90°C. for 10 minutes with frequent agitation 
to inactivate the native proteinase (Harris and Jolmson, 1945a). The papain, manu- 
factured by Merck, was added in 1% suspension, without centrifuging, to the gluten 
dispersions. Care was exercised to thoroughly agitate the suspension before the 
removal of aliquots. Only freshly prepared suspensions were employed and these 
were thoroughly mixed with the gluten dispersion to insure maximum access of 
enzyme to the protein particles. Both K2SO4 and papain were added in 0.1 iV acetic 
acid to prevent any change in normality of the dispersion medium. The protein 
content of the dispersions was adjusted to compensate for dilution by the KsS04 
and papain solutions. 
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To determine the inactivation temperature of the gluten proteinase and papain 
under the experimental conditions involved, the dispersions containing the active 
enzymes were heated at temperatures of 60°, 70°, 80°, 90° and 98°C., then allowed to 
stand 63 hours. Those employed for the gluten proteinase investigation were held 
at 50°C., while the papain-treated samples stood at 75°C. The dispersions used in 
the inquiry concerning the optimum temperature of activity of the two enzymes 
were also digested for 63 hours. 

Results and Discussion 

As in former studies on gluten dispersions by two of the authors 
(Harris and Johnson, 1945, 1945a), the data will be presented in the 
form of diagrams rather than in tables of precise values, because they 
are not quantitatively reproducible in different laboratories. This is 
particularly true of the amino nitrogen results, as it was found difficult 
in many instances to obtain satisfactory replications in the determina- 
tion. There is little doubt, however, that repeated experimentation 
would reveal the general trends shown in the figures included in this 
report. 

Inactivation Temperature 

Concentration of protein, amino nitrogen content, relative viscosity 
and the quantity of protein precipitated by 0.06 N K 2 SO 4 were 
determined on the dispersions containing active gluten proteinase 
(Pig. 1 ). Changes in these properties caused by proteinase activity 
while standing 63 hours at 60®C. can be estimated by comparisons 
between the heated and unheated dispersions. A temperature of 50°C. 
was used because it was presumed that optimum temperature of 
gluten proteinase activity would be rather high, resembling papain. 
Amino nitrogen content and fractionation data indicate that inactiva- 
tion of the native flour protemase was practically complete at 70®C. 
Relative viscosity did not prove as useful a measure of the influence 
of temperature of inactivation as amino nitrogen content and 'fraction- 
ation since changes in viscosity are caused by heating the dispersions 
(Olcott et al. 1943; Harris and Johnson, 1945a). The results secured 
from the dispersions in which the proteinase had been inactivated and 
then 0.04% papain added indicated that this enzyme had a higher 
inactivation temperature than the flour proteinase and required a 
temperature of approximately 90®C. to inhibit activity (Fig. 2 ). 
Viscosity measurements were not utilized for assessing the effects of 



M6S./e. PROTE 


270 R. H. HARRIS, MADELYN JOHNSON AND ETHEL JESPERSON 



NO HEAT 60 70 80 90 100 


INACTIVATION TEMPERATURE *0 
Fia. 1 

Temperature of Inactivation After 10 Min, Heating Period of the Flour Proteinase, 
as Determined by Relative Viscosity, Amino Nitrogen 
Content and Protmn Fractionation 
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heat on papain Mince the viscoMity data secured from the flour pro- 
teinase determinations were not as useful as data obtained from the 
other determinations. It was decided to employ a temperature of 
90°C. for 10 minutes in the following experiments. 




Fig. 2 

Temperature of Inactivation After 10 Min. Heating Period of Papain, as Determined 
by Amino Nitrogen Content and Protein Fractionation 

Olcott (private communication) has observed that inactivation at 
95°C. was attained in 30 to 45 seconds by use of a hash pasteurizing 
apparatus. No doubt the destruction of enzyme activity is enhanced 
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in these dispersions by the rather exposed condition of the enzyme 
when adsorbed on the protein micelle as compared with the more 
usual situation where the enzyme is more protected from extraneous 
influences by association on larger aggregates of material. No effect 
on protein concentration was caused by heating. 




Fig. 3 

Effect of Reaction Temperature on Activity of Flour Proteinase and Papain after 
87 Hours as Registered by Changes in Relative Viscosity, Amino 
Nitrogen Content, and Protein Fractionation 
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Optimum Temperature of Activity 

Determinations of enzyme activity were made at various tempera- 
ture levels, using production of amino nitrogen, viscosity of the dis- 
persions and protein precipitated by K 2 SO 4 as criteria of proteolytic 
activity. Similar determinations of papain activity on the heated 
gluten substrate at the same pH were also made (Figs. 3 and 4). 
Initial experiments employing the three criteria indicated a maximum 
proteinase activity in the neighborhood of 40®C., but the activity of 
papain was still increavsing at 60°C. The fractionation trends, in 



Fig. 4 

Effect of Reaction Temperature on the Activity of Flour Proteinase and Papain, 

as Found After 63 Hours 

particular, showed very small though significant changes among the 
temperatures employed. Observations over a larger temperature range 
were, therefore, obtained (Fig. 4) using amino nitrogen content only 
as a measure of enzyme activity since this property is more conveni- 
ently determined than protein fragmentation by fractionation tech- 
nique. These more extensive data show that the optimum temperature 
for 0.4% papain is approximately 76®C., 30® higher than that for the 
native flour proteinase, and raises doubt that the two enzymes are as 
nearly alike in type as observations in the literature would lead one to 
anticipate. In support of this doubt, Olcott, Sapirstein and Blish 
(1943) pointed out that gluten proteinase was inactivated in 10% 
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sodium salicylate while the activity of commercial papain could be 
demonstrated in this substance. These investigators also found differ- 
ences in solubility in dilute salt solutions and water between this 
gluten enzyme and the flour proteinase previously described by Hale 
(1939). There is little doubt that the pH (approximately 3.2) of the 
dispersions is rvell below the optimum for papain but close to the 
optimum for flour proteinase (Olcott et cd., 1943), but the effect of pH 
on the optimum should be vciy similar if the same type of enzyme is 
concerned in both reactioas. It is possible, of course, that the gluten 
enzyme differs in respects other than solubility in rvater and saline 
solutions (Hale, 1939; Olcott, Sapirstein and Blish, 1943) from the 
flour proteinase isolated by Hale. Uncertainty also exists regarding 
the concentration of the gluten proteinase. There may be a possibility 
that the properties of the proteinase preparation used by Hale had 
been altered by isolation and drying, although it is scarcely likely that 
a change of 30°C. in temperature optimum would bo due to these 
factors. Obseiwations reported by other workers reveal 75°C. as the 
approximate optimum temperature for papain. The higher papain 
concentration, 0.04%, based on weight of wet crude gluten taken, 
gave results in closer agreement with those from the flour proteinase 
than the lower 0 . 02 % papain treatment. 

Readion Rate at Optimum Temperature 

The change in amino nitrogen content and proportion of protein 
removed by two concentrations of IV 2 SO 4 with time, using unheated 
acetic acid dispei’sions at 40®C., arc shown (Figs. 5 and 6 ) for a 30 hour 
period. Apparently the greatest enzymic activity takes place within 
the first 24 hours. Amino nitrogen production appeared to show the 
more significant changes, but the fractionation data, which should 
record the fragmentation of i)rotein induced by the gluten proteinase, 
may be actually more important for the purpose of the investigation. 
Peptidases are the enzymes most concerned mth the liberation of free 
amino groups, but both the native adsorbed flour proteinase and the 
papain must have carried the peptidase type of enzyme unless one 
admits the possibility of the proteases acting to produce the free 
amino groups. It was, of course, impossible to show the effect of 
enzyme concentration in relation to rate of activity since the proteinase 
remained adsorbed on the gluten. 



FLOUR PROTEINASE 


275 


The results secured in this investigation offer additional evidence 
that a proteinase exists in active form in acetic acid dispersions of 
gluten protein. This enzyme differs from papain in inactivation 



Fig. 6 

Relation of Reaction Time of Flour Proteinase at 40®C. to Amino Nitrogen Content 



Relation of Reaction Time of Flour Proteinase at 40°C. to Protein Fractionation 
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temperature and temperature of optimum activity. It is inactivated 
by heating for 10 minutes at 70®C., and is most active at pH 3.2 at a 
temperature of 40®C. At this temperature and pH, the activity ceases 
after 24 hours. 


Summary 

A comparison between native flour proteinase and papain in 0.1 AT 
acetic acid (about pH 3.2) dispersions indicated distinct differences in 
temperature of inactivation over a ten minute period and temperature 
of optimum activity. For flour proteinase, these temperatures were 
approximately 70“ and 40“C., respectively, while for papain the 
corresponding temperatures were 90“ and 75“C. Proteolytic activity 
in the dispersions was measured by changes in relative viscosity, 
amino nitrogen content and proportion of protein removed by K 2 SO 4 
additions. Amino nitrogen content appeared to show the largest 
differences of any of the determinations employed. 

The activity of the gluten proteinase at the optimum temperature, 
40“C., appeared to cease after 24 hours digestion. The activity of this 
enzyme is relatively weak and is probably different from the principal 
flour proteinase active in fermenting doughs. 

References 

1 . Baker, J. L., and Hdlton, II. F. E., J. Soc. Chem. Ind. 27, 368-376 (1908). 

2. Balland, a., Ann. chim. phys. [6] 7, 633-654 (1884). 

3. Balls, A. K., and IIaus, W. S., Cereal Chem. 13, 54-60 (1936). 

4. Balls, A. K., and Hale, W. S., Cereal Chem. 13, 666-664 (1936a). 

5. Balls, A. K., and IIale, W. S., Cereal Chem. 16, 622-628 (1938). 

6. Cairns, A., and Bailey, C. II., Cereal Chem. 5, 79-104 (1928). 

7. Cook, W. H., and Ruse, R. C., Can. J. Research 12, 248-252 (1936). 

8. Ford, J. S,, and Guthrie, J. M., J. Soc. Chem. Ind. 27, 389-393 (1908). 

9. Hale, W. S., Cereal Chem. 16, 696-702 (1939). 

10. Harris, R. H., and Jounson, M., Ardi. Biochem. 6, 231-240 (1946). 

11. Harris, R. H., and Johnson, M., Arch. Biochem. 8, 135-143 (1945a). 

12. Olcott, II. B., Sapirstein, L. A., and Bush, M. J., Cereal Chem. 20, 87-97 

(1943). 

13. Rose, R. C., and Cook, W. II., Can. J. Research 12, 63-81 (1935). 

14. Stockham, W. L., N. D. Agr. Expt. Sta. BuM. No. 139 (1920). 

15. Swanson, C. O., and Tague, E. R., J. Am. Chem. Soc. 38, 1098-1109 (1908). 



A Note on the Amin o Acids of Cataractous and 
Sclerosed Human Lenses 

Richard J. Block and Peter W. Salit 

Frtm Cooper Road, Scaredale, New York and the Department 0 / Opkthalmalogy, 
State Utmersity of Iowa, Iowa City 

Received July 27, 1945; re-submitted March 22, 1946 
Introduction 

The dry matter of the lens, in common with many other tissues of 
ectodermal origin, is composed primarily of protein. Salit (1) has 
shown that the nitrogen values, in terms of dry weight, are practically 
the same for all types of cataractous and sclerosed human lenses, even 
those considered “practically normal.” On the basis of wet weight, 
however, the different t 3 T)es of cataractous and sclerosed lenses differ 
considerably in their nitrogen contents. Thus, the average N content 
for “practically normal” lenses was found to be 5.36%, decreasing to 
4.83% during more pronounced sclerosis and finally to 4.43% during 
advanced sclerosis. When the data were arranged in the order of 
increasing severity of the cataracts, the amount of nitrogen decreased 
approximately 25% from “practically normal” lenses to mature 
cataracts. Salit (1) concluded that “there is, therefore, a considerable 
loss in protein in the senile pathological lens, as a result of cataract 
and pathological sclerosis, and the loss, on the whole, is proportionate 
to the degree of damage to the lens. Since the loss consists chiefly of 
the soluble proteins or cry.stallins, the insoluble albuminoids are left 
behind and impart to the nucleus, in which they predominate, an 
increased rigidity and hardness.” 

The following experiments were conducted to throw further light 
on this hypothesis. 


Experimental 

Human cataractous lenses were collected in Iowa Gty and clasdfied into three 
groups. Group I consisted of 40 lenses with incipient cataract and with 0, -b and 
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+ + sclerosis. Group II consisted of 42 lenses with incipient cataract and with 
4- + + and -h + + 4- sclerosis. Group III was made up of 37 lenses with mature 
cataracts, all highly sclerosed. The lenses of each group were placed in alcohol, 
crushed, repeatedly extracted with alcohol, followed by a<‘(»tonc and ether and dried 
in a vacuum desiccator over llaSOi. Yield: 2.84 g. Group 1, 2.8 g. Group II, and 
1.75 g. Group III. 

The dried lens proteins were analyzed for nitrogen in duplicate by the micro 
Kjeldahl method, for tyrosine and tryptophane by Lugg^s modification of the Millon 
procedure (e/, 2) (4 replicate experiments), for phenylalanine by a modification of 
the Kapcller- Adler method (c/. 2) (6 replicate experiments), for cystine in triplicate 
by the Folin method {cf. 2) and for methionine in 4 replied experiments by the 
McCarthy-Sullivan procedure {cf. 2). Lysine, leucine, isolcucine and valine were 
estimated by the microbiological methods (3, 4, 5). In this case, ten testing levels 
were employed using two different microorganisms on separately prepared hydro- 
lysates. Determinations for each amino acid in the three groups were carried out 
simultaneously and under the same conditions, in order to increase the comparative 
value of the results.^ The analytical results, calculated from the nitrogen content 
of the “pure” lens protein (1), arc given in Talfio L 

TABLE I 


Amino Acids Yielded by Cataracious and Sclerosed Human Lenses 


Amino Acid 

Group I 

Group 11 

Group III 


Per cent 

Per cent 

Per cent 

Tyrosine 

5.0 db 0.1 

6.0 ± O.l 

6.0 ± 0.1 

Trypiopham* 

3.3 ± O.l 

3.4 ± O.l 

3.4 ± O.l 

Phenylalanine 

8.5 rfc 0.2 

8.8 ± 0.4 

8.6 ± 0.2 

Cystine 

1.5 ±0.1 

1.5 ±0.1 

1.5 ±0.1 

Methionine 

3.5 ± 0.3 

3.8 ± 0.2 

3.6 ± 0.3 

Lysine 

6.0 ±0.1* 



Ijcucine 

7.3, « 7.5»> 



Isoleucim* 

6.2, • 6.2t> 



Valine 

5.3, 5.3*» 




* 3 s(»parale hydrolysates. 

* 8tr<'ptococcus lactis. 

^ Lactobacillus arabiiiosus. 


Discussion 

Although there do not appear to be any significant differences in the 
percentage composition of the amino acids in the three groups of lens 
proteins, the analytical findings are of interest. The relatively high 
content of the aromatic amino acids should be noted. In general, 
the amino acid pattern in lens proteins appears more nearly to resemble 

1 The majority of analyses wore carried out by L. R. Knight. 
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blood fibrin, except for the lower lysine, than keratins and other 
proteins of ectodermal origin (ef. 2). 

The amino acid analyses do not support the hypothesis that the 
loss in protein in the senile pathological lens “consists chiefly of the 
soluble proteins,” unless it is also assumed that the amino acid pattern 
of the ciystallins and albuminoids is approximately the same. An 
alternative explanation, to account for the relative decrease in crystal- 
lins, is to assume that the amino acid pattern of crystallins and 
albuminoids are the same or very similar, and that the differences in 
physical properties are due to denaturation (c/. 6). 
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Introduction 

Electrophoretic studies of plasma and serum proteins of man and 
of various animals have shown rather marked variations in the distri- 
bution of these blood proteins among different species (1-4). Longs- 
worth (5) reported the electrophoresis of human and horse plasma in 
a variety of buffer solvents and found sodium diethylbarbiturate 
(veronal) most efficient for the analysis of human plasma, while a 
phosphate buffer gave a more satisfactory pattern for horse plasma. 
Moore (4), using veronal and phosphate buffers, found that the serum 
protein patterns of several species are dependent upon the buffer 
solvent. 

It was the purpose of this investigation to study the resolution and 
relationship of bovine plasma and serum components in phosphate 
and veronal buffers. 


Experimental 

The electrophoretic technic and methods of determining mobilities and percentage 
composition of the plasma and serum samples were those described in a previous 
report (6). 

Phosphate, veronal-NaCl, veronal and veronal-citrate buffers were compared for 
efficiency in resolving the protein components of bovine plasma. The compositions 
of the buffers have been described (6). The physical constants for each of these 
solvents are given in Table I. Duration of the electrolysis in each solution was 
determined by the migration of the fastest component, albumin, to approximately 
6 cm. from the initial boundary. 

Dried pooled bovine plasma was used for this study. Experiments in this laboratory 
have shown that the electrophoretic patterns of bovine plasma, analyzed before and 
after drying, are identical. Determinations made over a period of several months 

* Now in United States Navy. 
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on dried plasma samples, kept at 27°F., have shown no evidence of changes in the 
boundary patterns. 

Whole blood from 200 animals was collected at the slaughter house with the 
addition of 1 volume of 4% sodium citrate solution to 10 volumes of blood. After 
separation from red cells by continuous centrifugation, the plasma was dried in the 
frozen state. 


TABLE I 


Mobilities of Compounds of Whole Plasuna 


Buffer 

pH 

1V2 

K 

X103 

V/cm. 

Time m 
minutes 

Albu- 

min 

ai 

as 


/Js 

0 

y 

Phosphate 

7.7 

0.2 

6.00 

4.55 

240 

5.70 


4.45 


3.48 

2.62 

1.83 

Phosphate 

7.7 

0.2 

6.60 

4.55 

240 

5.77 


4.49 


3.51 

2.66 

1.85 

Veronal-NaCl 

8.6 

0.2 

8.34 

3.60 

345 

5.27 

4.44 

3.74 


2.88 

2.30 

1.54 

Veronal-NaCl 

8.5 

0.2 

8.34 

3.60 

345 

5.28 

4.49 

3.70 


2.89 

2.31 

1.50 

Veronal 

8.6 

0.1 

3.05 

6.55 

150 

6.34 

5.39 

4.67 

3.81 

3.09 

2.44 

1.73 

Veronal 

8.6 

0.1 

3.05 

6.55 

150 

6.38 

5.40 

4.67 

3.84 

3.15 

2.45 

1.71 

Veronal-citrate 

8.5 

0.1 

2.86 

7.00 

120 

6.54 

5.45 

4.62 

3.84 

3.24 

2.51 

1.55 

Veronal-citrate 

8.5 

0.1 

2.86 

7.00 

120 

6.52 

5.38 

4.62 

3.81 

3.24 

2.51 

1.52 


For the electrophoretic comparison of bovine plasma and serum in the phosphate 
buffer and in veronal buffer, ionic strength 0.1, the blood of one animal was used. 
It was collected in two containers at the time of killing. One sample was treated 
with sodium citrate as described above. The other was stirred continuously for 
5-10 minutes until the fibrin had collected on the glass stirring rod and could be 
removed. Both samples were than centrifuged. 

The dried and liquid plasma and serum samples were prepared for electrolysis in 
the same manner. Solutions of 2.5% protein concentration wore made in the appro- 
priate buffer and dialyzed in visking casings at 40®F. against 40 volumes of buffer 
with daily changes of buffer for 3 days or until there was no cliango in the conductivity 
of the dialysate. After filtering, the protein solutions were adjusted to 2% concen- 
tration by measuring the index of refraction. 


Results 

A typical boundary pattern of the dried plasma in each buffer is 
given in Fig. 1. 

The large fibrinogen, 0, peak and the poor resolution of the 0 and 
7 -^obuIin are characteristic of these patterns. The jS-globulin is 
clearly resolved from the fibrinogen only in the phosphate buffer. 
The a-globulin boundary in this solvent is a single, asymmetric curve 
and the descending pattern shows a marked spreading of the albumin 
peak. 
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In veronal-NaCl the (3-globulin appears as a shoulder on the steep 
fibrinogen peak. A faster on-globulin is separated from the larger 
ar-globulin. The albumin curve of the descending pattern is only 
slightly spread. 


ASCENDING BOUNDARY ’ DESCENDING BOUNDARY 

t 
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The veronal and veronal-citrate patterns are very similar. The 
/ 3 -globulin appears as two curves. The slower, / 32 , component is poorly 
separated from fibrinogen. Globulins ai and az arc clearly defined, 
and there is little diffusion of the descending albumin boundary. 

In every buffer the 7 -globulin is well separated from the 5, e anoma- 
lies, and the ascending and descending })oundary patterns are good 
mirror images. 

Mobilities and percentage distribution of the plasma proteins are 
reported for duplicate runs in each buffer in Tables I and II respec- 
tively. 

The apparent concentration of the 7 -globulin, determined in bovine 
plasma by electrophoresis, is relatively low and shows little variation 
in the different buffers. There is less than 2% variation in the per- 
centage concentration of fibrinogen found in the various buffers. By 
this method of analysis, fibrinogen equals about one-fifth of the total 
plasma protein. The experiments in vcronal-NaGl indicate a smaller 
ratio of ai- and a 2 -globulin than the veronal and veronal-citrate 
analyses show. 

The electrophoretic determinations in phosphate buffer reveal the 
highest albumin concentration and lowest a-globulin content, while 
the veronal-NaCl analyses gave the lowest albumin and highest total 
a-globulin concentrations. 

The albumin to globulin ratio, A/G, for each experiment is listed in 
the last column of Table II. 


tablp: II 

Percentage Dtdrihution of Total Plasma Protein in Various Buffers 


UufFer 

Albumin 


<xa 

01 ' 



y 

A/(i 

Phosphate 

38.3 


15.6 


10.6 

20.1 

15.4 

.62 

Phosphate 

38,8 


15.4 


10.1 

20.4 

15.3 

.63 

Vcronal-NaCl 

34.1 

4.6 

12.8 


11.4 

21.2 

15.9 

.52 

Veronal-NaCl 

34.3 

4.2 

12.4 


12.1 

21.6 

15.4 

.52 

Veronal 

36.2 

5.5 

10.9 


0.0 

lO.O 

14.6 

.57 

Veronal 

35.4 

5.6 

10.4 

3.9 

9.5 

19.8 

15.4 

.55 

Veronal-citrate 

36.7 

6.0 

9.8 

3.3 

7.8 

20.9 

15.5 

.58 

Veronal-citrate 

35.7 

5.9 


3.8 

7.8 

20.9 

15.9 

.56 


The plasma and serum of one animal were compared by electro- 
phoresis in phosphate and veronal buffers, Typical boundary patterns 
















Phosphate 

Phosphate 

Phosphate 

Phosphate 

Veronal 

Veronal 

Veronal 

Veronal 


Sample 

Albumin 

on 

Plasma 

5.68 


Plasma 

6.70 


Serum 

5.74 


Serum 

6.70 


Plasma 

6.20 

6.30 

Plasma 

6.23 

5.37 

Serum 

6.19 

5.27 

Serum 

6.17 

5.22 
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ASCENDING BOUNDARY DESCENDING BOUNDARY 


./I 

A 




Fig, 3 

Plasma-Sonim (Veronal Buffer) 

The percentago distribution of the plasma and somm proteins 
calculated from these experiments are reported in Table IV. 

Discussion 

The spreading of the allminin boundary in the descending electro- 
phoretic jiattem seems to be typical of the phosphate buffer (5, (i) 
and the lower a-globulin conceul rarion in phosphate indicates that 
the larger A/(5 ratio found in this buffer may be due to the masking 
of part of the a-globulin by aliuimin. 

Variation of the fibrinogen and /3-globulin concentrations in the 
veronal-containing buiTem may be partially explained by the poor 
resolution of these components. 

The electrophoretic comparison of the plasma and seimm of one 
animal shows that actually another component, which wo believe is 
part of the y-globulin, is migrating with a mobility very close to that 
of fibrinogen. The peak labelled 4 > in the whole plasma patterns then 
includes this yi-globulin, and the percentage of fibrinogen in the total 
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plasma protein cannot be determined simply by measuring the area 
under this <f> peak. 

It is possible, however, to calculate the percentage of fibrinogen 
in the total plasma protein from the percentage of albumin in the 
total protein of plasma and of serum respectively, as determined by 
electrophoretic analysis, if it is assumed that the only difference 
between the plasma and serum, prepared from the blood of one animal 
by the methods described above, is the absence of fibrinogen from 
serum. 

If, then, only the 4> is removed from plasma to make serum, the 
ratio of the amount of albumin to the amount of a-globulin, or j8- 
globulin, or 7-globulin is not changed. Where A, a, and 7 ai-e the 
concentrations of albumin and a, |8, and 7-globulin respectively, then 

A(plasma) A(aerum) 

(A -f a -f- -1- 7)plasma (A + a -f ;8 + 7)serum 


By multiplying the right half of equation (1) by 100, we obtain A„ 
the percentage of albumin in total serum protein, and: 


A(plasma) 

(A -h a -|- /S -|- 7)plasma 


X 100 = A, 


( 2 ) 


The concentrations A, a, /3, and 7 in plasma can be expressed as 
percentages of total plasma protein. So, if we let the total protein 
of plasma equal 100%, i^p equal the percentage of fibrinogen, and Ap 
equal the percentage of albumin, equation (2) becomes: 


Ap 

100 - 


X 100 


= A. 


Solving for ^p we obtain: 


(3) 


<Ap = 1 - ^ X 100 


(4) 


The albumin concentrations are used m these calculations because 
albumin is the component in plasma and serum present in the greatest 
concentration and is most clearly resolved in the electrophoretic 
patterns. However, a, /3 or 7 could be substituted for A in the numer- 
ator of both sides of equation (1), if adequate resolution of these 
components was possible in an electrophoretic pattern. 
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''Pwo per cent solutions were used in the electrophoretic analysis of 
the ])iasina and serum to standai’dize the conditions of the experiments, 
for there is (‘vidence (7, 8) that, in this method of analysis, the resolu- 
tion of the different components varies with the total protein concen- 
tration in the solution analyzed. But since the components are ex- 
pressed as the percentage of the total protein, these values are, in 
the ideal case, numerically the same whether determined in a total 
protein solution of 1%, 2%, 3%, etc. 

According to Table IV, the determinations in phosphate buffer give 
an average concentration of albumin in plasma protein, (Ap), of 
38.75%, and in serum protein of 42.8%. Substituting these values in 
equation (4), we find that <^>p is 9.40% of the total protein in plasma. 


TABLE IV 

Percentage Distnbution of Proteins (Plasma-J^erum) 


Buffer 

Sample 

Albumin 

tti 

ott 



0 

Tl 

72 

Phosphate 

Plasma 

38.4 


19.0 


8.7 

16.7 


17.2 

Phosphate 

Plasma 



19.1 


8.9 

16.3 


16.6 

Phosphate 

Serum 

42.8 


19.6 


10.6 



18.2 

Phosphate 

Serum 

42.8 


19.5 


9.8 



19.1 

Veronal 

Plasma 

35.9 

0.8 

12.7 

4.1 

8.1 

16.1 


16.4 

Veronal 

Plasma 

35.4 


13.0 

4.3 

8.3 

16.3 


16.0 

Veronal 

Serum 


7.5 

12.9 

7.3 

9.6 


6.5 

18.2 

Veronal 

Scrum 


8.4 

11.4 

7.0 

9.0 


7.6 

18.6 


A Himilar calculation using the concentration of albumin found by 
analysis in veronal ImlTer (Tabh* IV) gives the fibrinogen as G.2% of 
the total plasma protein. 

As a compromise, it can bo said that by this method of determination 
the fi))rinogen in plasma constitutes between 0.2% and 9.46% of the 
total protein, depending upon the buffer used in the analysis. 

The authors are indebted to Professor F. C. Koch and Dr. J. B. Lesh for their 
encouragement and helpful sugge-stions during this work. 


Summary 

Bovine plasma has been studied by electrophoretic analyses in 
phosphate, veronal-NaCl, veronal, and veronal-citrate buffers. 
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A satisfactory resolution of 7-globulin and fibrinogen was not 
achieved in any of these solvents. In each instance the fibrinogen 
content was exceedingly high at the expense of the 7-globulin concen- 
tration. The phosphate buffer was superior for the separation of the 
^-globulin from <j). Veronal and veronal-citrate, ionic strength 0.1, 
patterns showed a faster / 3 i-globulin, but the jSj-globulin appeared as 
a shoulder on the ^ peak. The veronal-NaCl buffer was found most 
efficient for the separation of total a-globulin from albumin. The best 
resolution of ai- and aj-globulin was found in veronal and veronal- 
citrate buffers. 

The plasma and serum from one cow were analyzed by electro- 
phoresis in phosphate and veronal buffers. This study revealed the 
migration of part of the 7-globulin with the fibrinogen. The fibrinogen 
content of bovine plasma was calculated to be from 6.2% to 9.5% of 
the total plasma protein. 
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Introduction 

From a mechanism study (unpublished) of the oxidation of d-galac- 
tose by nitric acid, we concluded that the production of mucic acid 
followed the pathway d-galactose — > d-galactonic acid — > i-galacturonic 
acid — > mucic acid. The separation of the Z-galacturonic acid from the 
galactonic acid and from a further oxidation product of mucic acid 
was impossible until Isbell and Frush (1) discovered that the sodium 
strontium salt of d-galacturonic acid has a limited solubility in water. 
This led us to try the same property for the isolation of i-galacturonic 
acid. Direct precipitation from the reaction mixture proved successful 
for the isolation of the sodium strontium salt of the I-compound. 
From the mixed sodium strontium salt the free acid was then easily 
prepared. Thus, Z-galacturonic acid becomes a readily available uronic 
acid. 

The only synthesis of Z-galacturonic acid heretofore reported was given by Niemann 
and Link (2). Their synthesis started with the rare sugar, Z-galactose. The preparation 
by way of the diacctonc /-galactose was a relatively laborious process. 

At one time Kiliani (3) had reported the isolation of ^galacturonic acid from the 
nitric acid oxidation of d-galactonic acid. Later, however, he (4) retracted this state- 
ment and admitted that he had mistaken the semicarbazide of galactonic acid for 
the desired product. 


Experimental 

Preparation of Sodium Strontium Jrgalacturonate 

One hundred grams of d-galactose were placed in a 2 liter Erlenmeyer flask with 
100 ml. of concentrated nitric acid (sp. g. 1.42) and 100 ml, of water. After shaking 
to effect maximum solution, the flask was fitted with a stopper carrying a bent glass 
tube and placed in a water bath at room temperature for 24 hours. The glass tube 
was arranged as a water trap to prevent oxygen from gaining access to the reaction. 
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At the end of 24 hours the solution was filtered through a bintorod glass ftinnel One- 
third of the solution was neutralized with sodium bicarbonate and recombined with 
the remainder which was then completely neutralized to Congo red with strontium 
carbonate. Any excess strontium carbonate or any precipitated strontium salts were 
removed by filtration. After standing for several days precipitation of the mixed 
sodium strontium salt was complete. The dried salt, as the hoxahydrate, after filtering 
and washing with ice water, weighed 17 g. Recrystallization was effected by dissolving 
the salt in 300 ml. of hot water, decolorizing with charcoal and allowing the solution 
to stand overnight. Yield, 8.5 g. of pure compound. A further quantity, 6.6 g., was 
obtained from the filtrate of the recrystallization by adding 300 ml. of methanol. 

The rotation of hexahydrate was —36.3® (C, 1 in water), Isbell and 

Frush (1) reported +30.2® for the d-isomer. 

Anal.; Calcd. for NaSr(C6H907)8*6H20; Sr, 10.98%; Fomul: 11.10. 

IrGalaciurmic Acid from the Sodium Strontium Salt 

Seven g. of sodium strontium /-galacturonate were treated with 52.2 ml. (slightly 
less than theory) of 0.5 N H2SO4. After thorough stirring, 700 ml. of absolute alcohol 
were added. The solution was allowed to stand for 1 day and then filtered to remove 
sodium sulfate, strontium sulfate and excess starting material. On concentrating to 
dryness the i-galacturonic acid crystallized immediately. Yield 6.1 g. (98% theory). 
In most instances the product was free of inorganic matter and titrated correctly for 
the pure monohydrate. For synthetic work purification was unnecessary. 

Purification may be effected by dissolving the acid in a small quantity of water 
and adding enough absolute alcohol to bring the concentration to alcohol 

Anal: Cakd. for CeHioOT-HjO; N. E. 47.20 ml 

0.1 N alkali; C, 33.96, H, 5.66; 

Found N. E. 47.15 ml 

0.1 N alkali; (\ 33.80, II, 5.50. 

The rotation Ca]D“ was — 51.9® (c, 1 in water). Niemann and Link (2) reported 
- 56®. 

Discussion 

The uronic acids arc of convsiderable importance in nature. d-GIu- 
curonic acid is a constituent; of plant gums, mucoids and immuno- 
polysaccharidos, d-mannuronic is found in a polysaccharide from sea 
algae, and d-galacturonic acid is the main sugar of the pectin molecule. 
Although a number of aldo- and kcto-uronic acids have been syn- 
thesized, only one alduronic acid, d-galacturonic acid, havS been ob- 
tained by a convenient preparation. 

By isolating the Z-galacturonic acid which arises in the mucic acid 
preparation from d-galactosc this uronic acid is now readily obtained 
in pure form. The physical properties of Z-galacturonic acid and of the 
sodium strontium salt coincide with those of the d-compounds, except 
that the optical rotations are of opposite sign. 
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Summary 

The mixed sodium strontium salt of 1-galacturonic acid was crystal- 
lized directly from a nitric acid oxidation mixture of d-galactose. 

Upon decomposition with sulfuric acid; the sodium strontium salt 
yielded Z-galacturonic acid in relatively pure form and in good yields. 

References 

1. Isbell, H., and Frttsh, H., J. Research Nail. Bur. Standards 32, 77 (1944). 

2. Niemann, C,, and Link, K. P., J. Biol. Chem. 104, 743 (1934). 

3. Kiuani, H., Ber. 66, 2018 (1923). 

4. KmiANi, H., Ber. 68, 2355 (1925). 




The Effects of Baking and Toasting on the 
Nutritional Value of Proteins 

R. J. Block, P. R. Cannon, R. W. Wissler, C. H. Steffee, Jr., 
R. L. Straube, L. E. Frazier and R. L. Woolridge 

From The Department of Physiology and Biochemistry, New York Medical 
College, Flower and Fifth Avenue Hospitals, New York City, and 
The Department of Pathology, The University of Chicago * 
Received March 23, 1946 


Introduction 

The importance of supplying a high-protein diet to presurgical and 
postsurgical patients (1, 2, 3) indicated the need of furnishing extra 
protein of high biological value in a palatable form to sick and con- 
valescing individuals. The proteins chosen for this study are available 
in large quantities and are mutually supplementary. Thus, the maximal 
nutritive value would be achieved with the minimal quantity of protein 
ingested. 

The plan was to so modify white flour that the resulting food would 
contain approximately 25% of its calories as protein with a distribution 
of essential amino acids approximating that of whole egg. The proteins 
of egg are among the highest in nutritive value. 


Experimental 


After numerous trials, the following mixture was arrived at as most nearly fulfilling 
the objectives. 


Cake Mix 


Ingredient 

Flour 
Sugar 
Egg White 
Lactali)umin 

Hydrogenated Vegetable Oil 

Dried Yeast 

Molasses 

Salt 


Amount 

Calories 

510 R. 

1810 

197 k. 

788 

115 g. 

460 

76 g. 

308 

52 g. 

468 

30 g. 

100 

11 g- 

31 

9g. 

— 


* The Assay experiments were aided by grants from The John Henry and Mary 
R. Markle Foundation, The Douglas Smith Foundation for Medical Research of the 
University of Chicago, and The National Livestock and Meat Board. 
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The mixture contains approximately 4000 calories per kg., of which carbohydrate 
furnishes 64%, protein 25% and fat 11%. The distribution of essential amino acids 
found in the cake mix proteins, compared to those found in spray-dried whole egg 
protein, is given in Table I. Arginine, histidine and lysine were estimated by the 
micro-Kossel method (c/. 4); tryptophane by the Millon-Lugg procedure (c/. 4); 
cystine and methionine by the Folin and McCarthy-Sullivan methods (r/. 4); threo- 
nine according to Nicolet (c/. 4) ; and leucine, isoleucinc and valine by the micro- 
biological technique (cf, 4). 

TABLE T 

A Comparison Between the Amino Acid Composition 
of Cake Mix and Egg Proteins 



In 1 kR. of Cake 
Mix 

In 100 g. of Cake 
Mix Protein 

In 100 g. of Egg 
Protein 


0- 

0. 


Arginine 

11.3 

4.9 

6.4 

Histidine 

5.3 

2.3 

2.1 

T^ysinc 

15.0 

6.5* 

7.2 

Tryptophane 

3.9 

1.7 

1.5 

Phenylalanine 

12.5 

5.4 

6.3 

Cystine 

6.0 

2.6 

2.4 

Methionine 

7.6 

3.3 

4.1 

Threonine 

9.5 

4.2 

4.3 

Leucine 

20.8 

9.0 

9.2 

Isoleucinc 

15.0 

6.5 

8.0 

Valine 

14.6 

6.3 

7.3 


* Microbiological determination of lysine on original mix indicated 6.3% of lysine: 
on toasted cake mix C 5.3% of lysine. 


To every 3000 g. of cake mix, 3 cakes of compressed yeast, 2 teaspoons of grated 
lemon rind and 2 teaspoons of nutmeg were added, together with sufficient water (ca. 
920 ml.) to make a proper hatter. The dough was allowed to rise in a warm room (32- 
over night, rolled to approximately I inch in thicknoas and again allowed to 
rise to a height of about 2 inches. Portions of the dough wore then baked in greased 
cooking sheets in an oven at approximately 200°CJ. for 15 to 20 minutes. The resulting 
cakes were sliced in 1-ineh slices and a portion was dri(»d on the radiator for one day. 
The remaining slices were toasted in a low oven (ro. 130®(^) until they had the 
appearance of commercial rusk (Zwieback). This usually required 40-60 minutes. 
Both the air-dried cake and the toasted cake have excellent keeping properties and 
arc very palatable. From the data in Table I, the proteins in the cake mix should 
have a high biological value. 

The samples to be assayed for protein nutritive value were mixed 
into basal rations at comparable protein levels. The rations were then 
fed to protein-deficient adult white rats for 14 days to determine their 
potentiality for engendering weight-recovery (5) . The basal ration con- 









NUTRITIONAL VALUE OF PROTEINS 


297 


tained the following ingredients per 100 g.: corn starch, 71 g.; ruffex 
(Fisher), 5 g.; corn oil, 4 g.; salt mixture, 4 g.; liver concentrate, 1 g.; 
water, 15 ml.; calcium pantothenate, 1275 y; pyridoxine HCl, 600 7 ; 
riboflavin, 830 7 ; thiamin, 540 7 ; niacin, 1340 7 ; oleum percomorphum 
(Vitamin A, 400 TJ.S.P. units, Vitamin D, 29 U.S.P. units); choline 
chloride, 180 mg. To this mixture the food materials to be tested were 
added so as to make the final protein concentrations in each ration 
approximately 9% (N X 6.25). At the same time the necessary re- 
adjustments were made for roughage, water and calories to make each 
ration isocaloric. The completed rations were fed to the rats in individ- 
ual cages in 15 g. portions/rat/day and the food-consumption recorded. 
At the end of the feeding period, the ^'protein efficiency” (PE) was 
calculated from the g. of body weight gained/g. of protein eaten. As 
standards of reference, lactalbumin 15-42 and 1 : 1 mixture of lactal- 
bumin and casein (vitamin-test, Smaco) were fed under comparable 
conditions in the same basal ration and at a 9 % protein level (Table 
II). Weight changes on the basal diet alone are also given. 

TABLE 11 

The Effect upon Weight Recovery of Protein-Starved Rats of Raw, Baked, Toasted and 
Lysine-Fortified Cake Mix Samples, Compared with the Basal Ration and Other 
Protein Supplements, over Fourteen Days 


No. of 

Diet 

Protdn Intake 

Weight gain or loss 

Protein 

Rats 

Range 

Average 

Range 


Average 

ciency 

6 

Basal 

a- 

1.0 to 1.2 

Q- 

1.1 

a- 

— 14 to - 

■29 

0. 

-22 


5 

Lactalbumin 

13.6 to 14.6 

14.0 

38 to 

45 

41 

2.9 

5 

Lact.-Cascin (1:1) 

18.8 to 20.1 

19.3 

66 to 

77 

72 

3.6 

6 

Lact.-Casein (1:1) 

21.5 to 22.5 

21.9 

68 to 

76 

72 

3.3 

4 

Raw cake mix B 

19,1 to 19.4 

19.2 

62 to 

70 

67 

3.5 

8 

Raw cake mix C 

18.4 to 20.5 

19.6 

58 to 

73 

62 

3.3 

4 

Baked cake mix B 

18.8 to 19.6 

19.2 

45 to 

46 

46 

2.4 

4 

Baked cake mix C 

11.5 to 15.9 

13.5 

2 to 

23 

9 

0.6 

5 

Toasted cake mix A 

13.8 to 17.0 

15.2 

-2 to 

15 

3 

0.2 

4 

Toasted cake mix B 

15.5 to 17.2 

16.4 

4 to 

21 

13 

0.8 

4 

Toasted cake mix C 

12.4 to 14.6 

13.5 

- 2to 

29 

10 

0.7 

10 

Toasted cake mix D 

11.3 to 15.8 

12.7 

— 8to 

5 

0 

0 

4 

Baked cake mix C plus 
lysine (0.49%) 

17.5 to 20.8 

19.3 

41 to 

60 

52 

2.7 

4 

Toasted cake mix C plus 
lysine (0.63%) 

18.9 to 21.5 

20.3 

55 to 

70 

64 

3.2 
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The effect of feeding the toasted “cake-mix” (A) for 14 daj^s is shown 
in Table II. Although the animals, on the average, ate a little more 
protein than did those on the lactalbumin diet (Table II), nevertheless 
their growth-performance was poor. Four of the animals remained 
practically stationary in weight while one gained slightly. In other 
words, the nutritional value of the toasted sample was markedly lower 
than lactalbumin, even though the consumption of the latter protein 
was slightly less. 

To ascertain whether or not the heating had caused this poor result, 
a second “cake-mix” was prepared and divided into three portions for 
further testing, as follows: 

B. Original cake-mix, unheated 

Original cake-mix, baked and air dried 

Air-dried sample toasted at approximately 120®C. for 1 hour. 

These three samples, after proximate analysis, were mixed into the 
basal ration and fed as before to three more groups of protein-deficient 
rats. The results are shown in Table II, diets B, where it is seen that 
the protein-quality of the original unheated mix was high. In fact, the 
PE of the mix was better than that of lactalbumin alone and equal to 
the lactalbumin-casein mixture (c/. Table II). The proteins in the baked 
cake were significantly inferior while the PE of the toasted sample 
were markedly lower than the original mix. It is evident, therefore, 
that processing caused deterioration of the proteins in the “cake-mix,” 
especially" in the toasted sample (Toasted Cake Mix B). 

In view of the probability that the toasting temperature had affected 
some amino acid in the protein, most probably lysine, a third experi- 
ment was performed. Three additional samples of “cake-mix” were 
prepared as follows: 

C. Original mix, unheated 

Original mix, baked and air dried at 60®C. overnight in a com- 
mercial dehydrator 

Baked and air dried mix supplemented with lysine in amount 
equal to 0.36% of the final ration 

Original mix, baked and toasted at 100®-125®C. for 60-76 
minutes 

Toasted material supplemented with lysine in an amount equiv- 
alent to 0.63% of the final ration. 
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After proximate analysis, the samples were mixed into the basal ration 
as usual. These five rations were then fed to five groups of protein- 
deficient rats for 14 days. The results are shown in Table II, 

It is obvious that the animals eating the two processed samples did 
poorly, despite the divergent responses of two rats. These two animals 
ate about 2 g. more of protein during the second week than did the 
others. Because of this, two further samples of rusk were prepared 
six months later. The rusk was fed to two groups of depleted animals 
and the combined results are given in Table II, diet D. 

Of greater significance is the fact that the animals eating the lysine- 
supplemented samples showed a marked improvement in weight 
recovery and food consumption. In fact, those getting the larger 
supplement of lysine in the toasted sample practically equalled the 
performance of the animals eating the original “cake-mix.” The 
amount of lysine added was decided upon as follows: The ration 
probably contains at least 0.50 g. of lysine/100 g. because the addition 
of the unheated “cake-mix” to the basal diet, at a 9% protein level, 
gives a minimal lysine value of 0.49%. Assuming that most of the lysine 
in the toasted sample had been inactivated, and allowing for the fact 
that the lysine analyses by the Kossel method may have been low, 
0.63% lysine (0.86 g. of lysine-HCl) was added to give an equivalent 
of 7% of the protein in the ration. On the assumption that there was 
less deterioration in the baked sample, only enough lysine was added 
to bring the concentration to 4% of the protein. The experimental 
results. Table II, indicate that insufficient lysine was added in this 
experiment, i.e., baking plus drying at 60®C. in a dehydrator (Baked 
Cake Mix C) had resulted in a greater deterioration than drying on the 
radiator (Table II, Baked Cake Mix D). 

Discussion 

The injurious effects of dry heat, especially of toasting, on the 
nutritive value of many proteins has been repeatedly demonstrated 
by Morgan (6, 7), Murlin (8), Mitchell (9), Stewart (10) and others. 
Although heat treatment may, in some cases, decrease digestibility, 
as evidenced by increased fecal nitrogen, the major cause of heat 
injury appears to be the result of an impaired assimilation of one or 
more essential amino acids. Thus, Greaves, Morgan and Loveen (7) 
found that heated casein could be almost restored to its original 
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biological value by the addition of lysine. Similar results of the sensi- 
tivity of lysine to dry heat in lysine-rich human globin were obtained 
by Devlin and Zittle (11). Dry heating of purified proteins does not, 
however, result in the chemical destruction of lysine, for Block, Jones 
and Gersdorff (12) have shown that as much lysine could be isolated 
after acid hydrolysis of heated casein as from unheated, while Seegers 
and Mattill (13) found that acid hydrolysis of heat-impaired proteins 
restored their nutritive value when tr 3 nptophane, alone, was added. 
Partial destruction of lysine may, however, occur during toasting of 
foodstuffs in the presence of large quantities of carbohydrates and fats. 
A possible explanation (c/. 14) of the deleterious effect of dry heat on 
the lysine of proteins is that the free carboxyl groups of the dicarboxylic 
amino acids may react with the eamino groups of lysine to form a new 
peptide linkage 'which would be resistant to enzymic digestion but not 
to acid hydrolysis. eAmino peptides would, however, probably pass 
through the walls of the intestine and so appear in the nitrogen of the 
urine and not of the feces (c/. 15 for confirmatory evidence). 

The results of this paper stress again the sensitivity of lysine in the 
protein molecule to relatively mild processing procedures. 

We wish to thank Miss Margaret O’Shaughnessy of the Borden Diet Kitchen for 
preparing the foods tested in this experiment. 

Summary 

A cake mix consisting of flour, sugar, egg white, lactalbumin, 
hydrogenated vegetable oil, dried yeast, molasses and salt with 25% 
of its calories as protein, had a very high protein efficiency (PE 
3.3-3.5). 

When this mixture was baked into a cake and the cake dried on the 
radiator, the PE decreased to 2.4. If the cake were dried in an oven 
overnight at 60°C., the P.E, decreased further to less than 1.5. 

When the slices of cake were toasted in a low oven at 100-130°C., 
until they had the appearance of commercial rusk (Zwieback), the PE 
was less than 0.7; in some cases the animals were just able to maintain 
weight. 

However, if 0.49% of Z(-)-lysine were added to the oven-dried cake, 
the PE rose to 2.7 ; while the addition of 0.63% of lysine to the toasted 
material practically restored its initial nutritive value (PE 3.2), 

The experiments indicate the sensitivity of lysine in the protein 
molecule to processing procedures. 
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Intboduction 

Previous studies have shown that mustard gas (hereafter referred to 
as H) reacts with corneal tissue so rapidly that none of the free H which 
penetrates the cornea can be recovered after several minutes (1). 
More recent investigations in this and other laboratories have demon- 
strated that in skin, too, H reacts so quickly that therapy based on 
competing or decontaminating agents would be unsuccessful. While 
a part of the H reacts ivith the water in the tissue to form thiodiglycol, 
it now seems definite that the degree of injury produced by H in tissue 
closely parallels the amount of H which has become “fixed” (2). Ac- 
cordingly, it may be assumed, as a working hypothesis, that if H 
could be split from its combination with tissue, it would be possible 
to reverse the process causing tissue injury. It will be recalled that 
following H burns there is a latent period of several hours before the 
clinical effects become evident and during this time the “fixed” H 
might be removed from combination wdth tissue, thus aborting the 
toxic process. 

That skin, and probably other tissues, are incapable in themselves 
of decomposing at an appreciable rate the compounds resulting from 
the combination of H with tissue components follows from the work of 
Moritz and Henriques (2). These workers, using H containing radio- 
active sulfur, found that the amount of H fixed in the skin did not 
diminish significantly until it was sloughed off one month later as part 
of the scab. Furthermore, it is now well-known that the chemical 
binding between H and various substances is so firm that no appreciable 

^ The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Harvard University. 
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reversal occurs in the presence of compounds known to be highly 
reactive with free H. 

The question arises as to what means compatible with cell life are 
available for removing the fixed H from the tissue components. The 
use of enzymes appears to represent one possible method of accomplish- 
ing the desired results. 

The present investigation was designed to determine whether the 
enzymes found in the digestive tract of the rat or chick could degrade 
casein exposed to H sufficiently for the casein to be utilized for growth, 
and if not, to investigate the nature of the binding between H and 
casein by means of biological assays, using chicks and rats. 

H-treated casein was prepared by exposing casein at pH 9.3 to a relatively large 
quantity of H, 56 molecules of H per molecule of casein. The product was precipitated 
at the isoelectric point, washed, redissolved with NaOH. reprecipitated, washed with 
increasing concentrations of alcohol and, finally, dried and ground to fine powder. 
The final product was practically odorless but, when redissolved in water, possessed 
the disagreeable odor characteristic of solutions in which H has hydrolyzed. The 
sulfur content averaged 3.5% which corresponded to approximately 30 H residues 
per molecule of casein. 

Rats would not eat diets containing significant amounts of the casein prepared in 
this manner. Butyric acid, chocolate, sugar, etc.j were added in various combinations 
to the ration in an unsuccessful attempt to get them to eat the diet containing H- 
exposed casein. 

Finally, it was found that sufficient amounts of the unpalatable compounds present 
in H-exposed casein could be removed by thorough treatment with activated charcoal 
so that the rats would eat adequate quantities. 

Experimental 

Chicks, on the other hand, would eat casein reacted with H without 
the activated charcoal treatment. Hence, the first experiments were 
carried out with this species. The basal ration* was prepared and 


* Basal Ration for chicks Per cent 

Sucrose 76 

Gelatin 7 

Yeast 5 

Salt Mixture 5 

CaHPO* 1 

Com Oil 5 

Liver extract 1 

Choline 0.1 

Cystine 0.3 


Water-soluble vitamins per 100 g. of ration; thiamin 200 7 * riboflavin 400 7 , 
calcium pantothenate 1500 7 ; nicotinic acid 2500 7 . 

Vitamins A and D fed by dropper twice weekly in excess of requirement. 



MUSTARD GAS AND PROTEINS. I 


305 


supplements of normal casein or H-exposed casein were added at the 
expense of the sucrose. Two three-day old chicks were used for each 
of the experiments reported in Fig. 1. It will be seen that 5% normal 
casein was just sufficient to maintain weight, whereas, 10 and 15% 
normal casein resulted in progressively increased growth. When H- 
exposed casein was supplied at the 10% level no growth occurred. 
Moreover, the addition of 5% exposed casein to a ration containing 
5% normal casein caused no significant increase in growth. 



Fig. 1 

Growth of Chicks on Basic Diet Plus Supplements as Indicated 

A second series of experiments were performed in which chicks were 
fed rations containing charcoal-purified H-treated casein (Fig. 2). It 
will be seen that good growth resulted when the basal ration was 
supplemented with 10% normal casein. By contrast, when 10% H- 
exposed casein was added to the basal ration no growth occurred. To 
determine whether or not the H-exposed casein was actually toxic 
to the chicks, or was simply not assimilated, the 10% exposed casein 
was supplemented with 10% normal casein ration after 11 days (in- 
dicated by arrow). It is apparent from the good growth which resulted 
on addition of normal casein that the previous absence of growth was 
not a toxic manifestation. 
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A third ration, consisting of normal chick mash, was supplied to 
three chicks until the tenth day at which time the animals were placed 
on a basal ration supplemented with 10% H-treated casein. The line 
shows that excellent growth occurred up until the time the exposed 
casein was added, after which the animals began to lose weight. 

All of the experiments are consistent with the belief that chicks are 
unable to utilize H-exposed casein. That the lack of growth was not 
due to failure to eat this substance was shown by observation of food 
consumption, and by the fact that growth was obtained when 10% 



Fig. 2 

Growth of Chicks on Basic Diet Plus Supplemonta as Indicated 


normal casein was added to 10% treated casein. C^hicks in the treated 
group which had received normal chick mash for ten dnys were eating 
well and consumed the treated casein ration in large amounts when 
first changed to this diet. Nevertheless, they also lost weight. 

The basal ration supplied to the chicks contained approximately 12% 
protein and was adequate in arginine, lysine and cystine. Thus, it is 
probable that some amino acid other than these three was made 
unavailable by the H-treatment. 
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A basal diet ^ for 21-day old rats was prepared in such a way that essentially all of 
the protein was supplied in the form of casein. To test the adequacy of this ration 
preliminary experiments were carried out in which casein was supplied at three levels 
— 6, 9 and 189o. The growth attained, when this diet was fed for a ten day period 
ad Uh.y averaged 106, 135 and 173%, respectively, of the original weight. Eighteen 
per cent H-treatcd casein was then added to the basal ration and rats were placed on 
paired feeding with another group of animals receiving 18% casein which had been 
through the same process as the H-reacted material, except that no H was used. 



DAYS 


Fig. 3 

Growth of Rats on Basic Diet Plus Supplement as Indicated 


Fig. 3 shows that the I’ats on the treated material actually lost 
weight during the 10-day test period, whereas those receiving the same 
amount of control casein grew well. Moreover, it will be seen that the 
amount of growth of rats receiving 9% normal casein plus 9% H-casein 
was essentially the same as those supplied normal casein at the 18% 
level. Furthermore, when compared in paired feeding experiments 
with rats on 9% normal casein it appears that 9% H-casein has actually 


3 Basal diet for rats Per ceiii 

Starch GO 

Com Oil 10 

Cod liver oil 2 

Salt Mixture 4 

Yeast 6 
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supplemented the 9% normal casein ration. The results illustrated in 
Fig. 4 would tend to confirm the latter interpretation. In these experi- 
ments the basal ration was supplemented with 6% control casein 
(filled circles) and the results compared with a similar diet in which 
9% H-casein was given in addition. Again the rats which received H- 
treated material in addition to the normal casein showed a greater 
growth rate despite a greater consumption of food when the basal diet 
was supplemented with only 6% normal casein. These experiments 
are thought to indicate that partial utilization of H-casein occurred. 

Failure of the H-casein to support growth in the absence of normal 
casein may be due to failure of the animals to split some essential amino 



DAYS 
Fia. 4 

Growth of Rats on Basic Diet Plus Supplement as Indicated 

acids from their combination with H, to a remote effect on certain 
amino acids, or to a decreased rate of digestion of the whole H-casein 
molecule. 

We wish to acknowledge the assistance of Drs. Frederick Stare and Mark Hcg&icad 
of the Division of Nutrition, Harvard Medical School, in carrying out the cxiieri- 
ments on the chicks, and Phyllis Robison for technical assistance. 

SlTMMABY 

Exposure of casein to mustard gas renders the casein inadequate 
to support growth of chicks and rats when this material was fed as 
the source of most of the protein, although it did supplement normal 
casein when fed to rats. Lack of growth in chicks was not caused by 
an inadeqliacy of arginine, lysine or cystine. 
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No evidence of toxicity could be demonstrated when animals were 
fed H-exposed casein. 

More detailed information on the question of the nature of the 
reaction of H with casein will be given in the paper which follows. 
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Intboduction 

It was shown in the previous paper (1) that neither chicks nor rats 
would grow normally when fed diets containing casein exposed to 
mustard gas (hereafter referred to as H) as a chief source of protein. 
Since the H-treated casein was not toxic, the nutritional inadequacy 
was taken to indicate, either first, that the animals were unable to 
split the H residues (-C2H4SC2H4-) from certain essential amino acids 
in the protein, or second, that reaction of casein irith mustard rendered 
certain amino acids unavailable indirectly through some secondary 
effect on certain amino acids or by making the casein molecule in- 
digestible as a whole. 


Experimental 

If it could be shown that rats could split off H-residues from amino 
acids known to possess such groups it is apparent that the first ex- 
planation offered above could be mled out. To determine this, two 
water soluble compounds, Semi-H valine ® and Semi-H cysteine,® were 
prepared ( 2 ). The Semi-H derivatives, involving but one linkage with 
an amino acid were used instead of the H derivatives, where two link- 
ages are present, in order to keep the experimental conditions as 
simple as possible. The assay was carried out by feeding three diets 

> The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Harvard University. 

* N-3-(2-hydroxyethylthio)-ethyl valine. 

’ S-2-(2-hydroxyethylthio)ethyl cysteine HCl. 
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containing the following: (1) all ten essential amino acids, including 
valine; (2) all essential amino acids except valine; and (3) all essential 
amino acids except valine, but with the addition of Semi-H valine 
equivalent in amount, on a nitrogen basis, to the valine. 

Fig. 1 shows that the rats grew well on the control diet containing 
valine, but did not grow on the diet lacking valine or on the one with 
Semi-H valine. Animals grew well when valine was added to each of 
the latter diets. 

Since cysteine can be synthesized by the rat from methionine, a 
somewhat more complicated experiment was necessary to test whether 



Fig. 1 

Growth of rats on all essential amino acids (broken line); same diet without valine 
(filled circles) ; same diet without valine but plus Semi-H valine (open circles), 

the rat could utilize cysteine from Semi-H cysteine. This consisted in 
decreasing the amount of methionine present in the diet until the 
growth rate of the rat became dependent upon the amount of cysteine 
available. The concentration of methionine found to be suitable for 
this purpose was 0.1%. In Fig. 2, it will be seen that, when the diet 
was cysteine free, the animal lost weight. When a rat was fed a similar 
diet except for the addition of 1% cysteine, growth was obtained. 
However, no growth was shown by rats fed the basal diet supplemented 
with Semi-H cysteine equivalent in nitrogen content to 1% cysteine. 
On the eleventh day a second unit of Semi-H cysteine was added to the 
Semi-H cysteine diet, and also to the diet containing no cysteine or 
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Semi-H cysteine, with no discernible effect. The difference in growth 
between the Semi-H cysteine diet and cysteine-free diet is of question- 
able significance. 

It is concluded that rats cannot utilize either valine or cysteine from 
their Semi-H derivatives and presumably, therefore, cannot split off 
H residues from either the nitrogen of valine or the sulfur of cysteine. 

Since rats could not utilize two typical amino acids in combination 
with H residues it now appeared worthwhile to attempt to determine 
the number of essential amino acids in the H-treated casein which had 
reacted with H. 



Fig. 2 

Growth of rats on amino acid diet containing minimum requirement of methionine 
but cysteine free (filled circles) ; the same diet supplemented with Semi-H cysteine 
(open circles); and supplemented with 1% cysteine (broken line). 

The H-treated casein was assayed by feeding rats diets containing 
the protein to be tested supplemented with 9 of the 10 essential amino 
acids. Similar experiments were carried out using an acid hydrolysate 
of the H-treated casein and, in addition, the hydrolysate was assayed 
by means of a bacteriological method. 

The first determinations were made by preparing 10 diets in such a way that each 
diet lacked but one essential amino acid. The amino acids in pure form were added 
to the base diet (1) at levels considered by Rose (3) to be necessary for growth. (See 
also Kinsey and Grant (4).) To each ration was then added 10% H-treated casein. 
Two additional diets served as controls, the first of which contained all ten amino 
acids, and the second, all ten amino acids plus 10% H-casein. One 21-day old rat was 
placed on each of the above diets for about ten days. In the instances where the rat 
did not grow the missing amino acid was added to the diet at the end of this period. 




314 


V. EVERETT KINSEY AND W. MORTON GRANT 


The results of these experiments are shown in Fig. 3. The arrow 
indicates the time at which the missing amino acid was added. 

It vill be seen that little growth occurred on the diet lacking histi- 
dine, and that none occurred on those lacking lysine, methionine or 
threonine. That the limiting factor was actually the amino acid in 
question is seen from the growth which occurred in every instance 
when the missing amino acid was added. 



Fig. 3 

Growth rate of rats on diets containing H casein supplemented with all essential 
amino acids except the one indicated. Arrow indicates addition of missing 

amino acid. 

It is difficult from these experiments alone to Be sure whether or not 
an actual mustard residue (-CH2CH2 — S — CH2CH2-) has become 
attached to some group of the amino acids, although the sulfur anal 3 rses 
of H-treated casein (3.6%) would support this contention. The fact 
that lysine has a reactive amino group not already covered in the 
protein molecule, and that both methionine and histidine have groups 
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which are kno\ra to react with H and are probably similarly available 
for reaction in the protein molecule, are suggestive that actual binding 
has occurred. However, the evidence available vdth regard to the 
probable degree of activity of the hydroxyl of threonine indicates that 
H would not be expected to bind with this group under the conditions 
used for exposing the casein. 

To determine whether the alteration of the nutritive properties of 
these four essential amino acids was actually the result of a direct 
etfect of H upon the individual acids, it was decided to hydrolyze the 
H-treated casein and again determine the growth-supporting capabili- 
ties of its constituents. 

A hydrolysate of the H-casein was prepared by refluxing the protein preparation 
in 1 : 1 HCl for 24 hours, evaporating in vacuum to dryness, redissolving in water, 
re-evaporatmg to dryness, neutralizing with NaOH and re-drying. Four rations were 
prepared containing 10% hydrolysate plus the basal diet used previously (1), and the 
four acids under investigation, «.e., methionine, threonine, histidine and lysine. As 
controls, three additional diets were prepared; one contained the base plus 18% 
normal casein; the second contained the base plus 18% control casein which had been 
put through the same procedure as used in preparation of H-casein; the third diet 
contained the base plus 18% of a hydrolysate of this control casein to which 0.2% 
tryptophane had been added. 

The graphs of Fig. 4 show the weights of the rats supplied these 
rations plotted as per cent of their original weights. 

Comparison of the growth curves for 18% normal casein with those 
for 18% control casein and its hydrolysate shows that the alkaline 
purification process in itself causes only relatively minor impairment 
of the nutritional value of casein. 

Inspection of the growth curves of the rats on diets containing H- 
casein hydrolysate supplemented with all the essential amino acids 
except lysine, or methionine, or histidine, shows that no growth is 
obtained until these acids are added. The latter, therefore, appear to 
be available in inadequate amounts in the H-casein hydrolysate, a 
finding which confirms the results obtained by feeding the whole pro- 
tein. By contrast, it will be observed that the gro^vth obtained with 
H-casein hydrolysate in the absence of supplementary threonine was 
as good as that obtained when a threonine supplement was used. This 
result indicates that threonine must now be available in larger amounts 
than it was before the H-casein was hydrolyzed. While acid hydrolysis 
may have removed the H residue from threonine, for reasons cited 
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previously, it seems likely that some other mechanism is involved in 
determining the availability of this amino acid. 

These results, viewed from the standpoint of our initial objective 
(1), namely, to determine whether the enzyme systems present in the 
digestive tract could split H residues from H-treated proteins, were 
entirely negative. However, the possibility existed that the reaction 



Fig. 4 

Upper group (Controls all fed at 18% level.) Untreated casein (open circles); 
alkaline treated casein (crosses); alkaline treated casein hydrolysate (filled circles). 

Lower group. H-easein hydrolysate supplemented with all essential amino acids 
except the one indicated. Arrow indicates addition of missing amino acid. 

between H and casein at neutral pH might affect the availability of 
the amino acids differently than at 9.3 as was the case in the above 
experiments. To test this possibility H was reacted with casein at pH 
7.4 using 52 molecules of H per molecule of protein. The pH was main- 
tained by continuous titration. Using casein exposed to H at pH 7.4, 
at a 10% level, assays were carried out as before. In contrast to the 
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results noted previously rats failed to grow only on those diets lacking 
either methionine or threonine. The addition of these amino acids to 
the diet containing the H-treated casein was attended by good growth. 

The animal assay method employed thus far is limited to testing 
the ten essential amino acids and is qualitative or, at best, roughly 
quantitative. Also, its practical use is confined to a few proteins, such 
as casein, the nutritive properties of which are well worked out. To test 
for possible effects of H on other amino acids of casein, to assay several 
other proteins, and also to try to obtain a more quantitative estimate 
of the binding, a bacteriological method for assaying amino acids was 
utilized. Two species of bacteria were used; Lactobacillus arabinosus 
and Streptococcus lactis. The fonner was used for all of the determina- 
tions except lysine and threonine. 

The assays were carried out by the use of an adequate synthetic medium containing 
16 amino acids. Media deficient in specific amino acids were made by simply omitting 
one of the amino acids from the mixture. Protein hydrolysates could then be tested 
semiquantitatively by adding them to the deficient medium in various amounts and 
comparing the resulting growth with that obtained from various concentrations of 
the amino acid. 

No statement can be made as to the accuracy of the method in 
determining the absolute quantity of the amino acids present in either 
the untreated or treated proteins. However, repeated determinations 
of different samples of exposed casein show the same relative quantity 
of the amino acid and, in general, the control analyses are in fair 
agreement with the literature. The method in its current state of 
development appeared to be more satisfactory for some amino acids 
than others. Assays for arginine, glutamic acid, threonine and tyrosine 
were the least satisfactory. As in the animal assay work, results which 
indicate that amino acid in treated samples is present in normal 
amount, do not necessarily indicate that H has been without effect 
on the amino acid. This is true because the organism may be able 
to utilize an amino acid which has been affected or, as was found for 
threonine, the process of hydrolyzing the protein may in itself make 
available an amino acid which on other evidence appears to be affected 
by the H. 

The percentage of apparently unaltered amino acids present in 
hydrolysates of casein treated with H in alkaline and in neutral solu- 
tion, is shown in Table I. Values are included for a control which w^as 
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exposed to alkali in the same manner as was II casein during its prepa- 
ration. The per cent composition of the protein is based on nitrogen 
content of the hydrolysate, using the factor 0.25. 

It will be seen from the table that H treatment affects both methio- 
nine and lysine, the former apparently at both neutral and alkaline pH 
and the latter probably only in alkaline solution. These results are 
consistent vdth those found previously by the animal assay method. 


TABLE I 

Per Cent of Ammo Acids Present ut Hydrolysates of Casein Treated with H 
at pH 9.3 arui 7.4 (Compared with CuntroL Cnseiu 



H-Casein 

H-Casein 

Control 

Amino Acid 

(Alkaline) 
56: P 

(Neutral) 
52: M 

Casein 


/ 


Pei cent 

Per cent 

Per cent 

Arginine 

4.1 

4.7 

4.6 

Glutamic acid 

23.4 

27.4 

19.2 

Isoleucine 

6.8 

6.5 

6.5 

Leucine 

13.3 

11.6 

10.6 

Lysine (Av. triplicate) 

0.8 

7.9 

8.9 

Methionine (Av. duplicate) 

0.8 

2.6 

3.8 

Phenylalanine 

4.6 

4.2 

4.0 

Threonine 

4.8 

3.6 

3.0 

Tyrosine 

7.2 

7.4 

5.9 

Valine 

9.4 

8.0 

8.6 


The biological importance of these findings depends to a large 
extent upon whether H combines with the same groups in other 
proteins, particularly those in living cells. With the object of deter- 
mining to what extent the effect of H is the same on different proteins, 

* Represents the ratio of molecules of H to molecules of protein (molecular weight 
33,600) in the leaction mixture. Sulfur analysis indicates that 30 molecules of H have 
combined with the casein in alkaline solution, of which approximately 23 molecules 
can be accounted for by methionine and lysine. 

® Preparation of H^eated cornea. 

Beef conaeas were immersed in kerosene containing 5 mg. of H/ml. and were allowed 
to remain there for a 24-hour period. This is sufficient to completely inhibit turges- 
cence when subsequently immersed in water. The corneas were then washed in water, 
dried, ground and hydrolyzed. 
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H was reacted with corneal tissue ® and with globulin and albumin ® 
isolated from horse semm, by (NH 4 ) 2 SOi precipitation. The assay 
results for methionine and lysine are summarized in Table II. 

TABLE II 

Effect of Mustard Exposure on the Methionine and Lysine Content 
of Globulin^ Albumin and Cornea 

Control Control Control 

Amino Acid H-Globulin Globulin H-Albumin Albumin H-Comea Cornea 

Methionine 0.86 2.36 0.33 1.10 2.87 3.45 

Lysine - 6.30 9.26 1.03 1.31 6.07 6.07 

It is apparent from the Table that exposure of globulin and albumin 
to muvstard affects the methionine and lysine, the former to the greater 
extent, and that similar exposure of corneas to H affected methionine 
but not lysine. 

Dr. Mark Hegstead of the Division of Nutrition, Harvard Medical School, earned 
out the bacteriological assays. 


Summary 

Solutions of casein exposed to mustai'd gas at pH 9.3 or 7.4 were 
prepared and assayed biologically to determine which of twelve amino 
acids tested (ten essential, tyrosine and glutamic acid) were made 
unavailable to support growth of rats or bacteria. When the reaction 
was carried out at pH 9.3 histidine, lysine, methionine and threonine 
were made unavailable for growth. 

® Treatment of globulin and albumin with ff. 

200 ml. of solution conlaining 7.8 g. of globulin wore reacted with 3.64 g. of H. 
The reaction was carried out in the ])resence of 4.2 g. of sodium bicarbonate which 
kept the pH at approximately 7,5. After allowing the reaction to go to completion, 
the solution was diluted with 400 ml. of water and 1600 ml. of isopropyl alcohol was 
added to precipitate the protein. The precipitate was collected by filtration, re- 
suspended in methyl alcohol, refiltered and dried. A hydrochloric acid, 24-hour 
hydrolysate was prepared in the usual manner. On the basis of the hydrolysis products 
of H remaining in solution after reaction it is estimated that 132 molecules of H had 
combined per molecule of globulin, assuming a molecular weight for globulin of 
150,000. H-trcated albumin was prepared using the same vreight of H per weight of 
albumin as was used for the globulin preparation. On the basis of a molecular weight 
of albumin of 67,000 it was calculated that 58 molecules of H had combined per 
molecule of albumin. 
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Assays of hydrolysates of mustard-exposed casein (pH 7.4) showed 
that histidine, lysine and methionine were still unavailable, but that 
threonine now became available for growth. 

Rats were unable to utilize the cysteine or valine which had mustard 
residues attached to the sulfur and nitrogen of these amino acids, 
respectively. 

The above results, along with sulfur analyses of the mustard-exposed 
casein, support the contention that mustard combines directly with the 
affected amino acids, excepting threonine, and that the nutritional 
inadequacy is due to inability on the part of the rat (or bacteria) to 
split off H-residues. 

Exposure of horse serum globulin and albumin to mustard at neutral 
pH appeared to affect methionine and lysine. Similar treatment of 
corneal tissue showed slightly smaller quantities of methionine than did 
control corneas. The exposure had no effect on the lysine content. 
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Catalase was one of the ferments studied by Sorensen in 1909 when 
he demonstrated the dependence of ferment activity on hydrogen ion 
concentration. Catalase had its optimal effect in the vicinity of the 
neutral point and, with even relatively slight changes toward acid or 
alkaline reaction, he found a reduction in the activity. This is an 
observation that has since been confirmed by a number of authors. 

Michaelis and Pechstein (2) showed that catalase was an amphoteric electrolyte 
and considered that the activity was due to the charge of the catalase molecule. 
They found a reciprocal relation between the effects of the anion and the hydrogen 
ion. At high hydrogen ion concentrations low anion concentrations were sufficient 
to provoke a certain inhibition and vice versa. 

Various anions have a more or less strongly inhibiting effect upon the catalase 
activity. According to Michaelis and Pechstein sulphate ions inhibit only to a rela- 
tively slight extent, whereas chloride and, especially, acetate and nitrate ions are 
strong inhibitors. Santesson (3) examined several anions and gave the succession in 
the following way on a rising scale; 

SO4, < HPO4, < F, < B4O7 < CO3, < Br, < J, < Cl, < NO3, < CIO3. 

It was not yet known to these authors tliat the activity of the catalase is condi- 
tioned by its hemin, which was demonstrated by Zeile and Hellstrom (4), who also 
found that the mhibition of the activity by HCN and H^S was accompanied by a 
shifting of the spectral bands. Keilin and Hartree (5) found analogous conditions as 
regards NaNs, NH 2 OH, NaF, NO and C 2 H 6 OOH. The investigations of Pauling and 
co-workers (6) on the compounds of methemoglobin with some of these substances 
made it clear that the anions are bound to the iron atom in the hemin. Important 
preliminary work had been performed by Zeynek (7), Haurowitz (8), Lipmaim (9) 
and Drabkin and Austin (10). As regards the lacto- and the horseradish peroxidase, 
Theorell and Paul (11) found that a hydroxyl group is boimd to the iron atom in 
such a way that OH can be displaced by other negative ions, not only by the previously 
mentioned enzyme inhibitors {e,g„ fluoride) but also, e,g,, by phosphate ions in high 
concentration and at low pH. 
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Keilin and Hartree (5) noted a slight change in the position of the 
absorption band in the red on acidification of catalase solutions with 
sodium bisulphite, sulphur dioxide or acid buffers, which these authors 
ascribed entirely to the pH-change. Agner (12, 13), however, found 
that catalase solutions acidified to the same pH with acetate and 
phosphate buffers, respectively, showed different colors and different 
degrees of inhibition of the activity. In the present paper we have 
studied this phenomenon more closely by spectrophotometry and 
determinations of the activity, arriving at the conclusion that the iron 
atoms of the catalase are combined with hydroxyl groups which may 
be displaced not only by the previously known catalase inhibitors, but 
probably by all, at least low molecular, anions in sufficient concentra- 
tion, in which connection the activity is inhibited to a corresponding 
degree. 


Experimental 

In these experiments we have used both liver and erythrocyte catalase from horse, 
prepared according to earlier published methods (Agner 12, 13). The liver catalase 
was crystallized and had a value for Kat. f. 60-65,000, and an iron-content of 0.092%; 
76% of the iron being bound in protohemin. The erythrocyte catalase had a value 
for Kat. f. 65,000-70,000.^ The iron-content was 0.092%, and all the iron was bound 
in hemin. The preparations were electrodialyzed until free from salts and quite clear. 
pH in the catalase solutions after dialysis was 5.55-5.60. 

Optical Deteeminations 

The absorption measurements have been carried out with a photoelectric arrange- 
ment, on the principles described by Warburg and Negelein (14). 

The degree of acidity of the catalase solution was adjusted to a definite pH value 
by addition of phosphoric acid. After this, buffer of the same pH was added in 

increasing amounts. The ion concentration was calcukiUnl and log lo I X ^ was de- 
termined and corrected for dilution. 

Experiments with Addition of Phosphoric Acid to Liver Catalase 

A. To 18.14 mg. of liver catalase in 6 ml. solution pH 6.10 was 
added 0.102 m phosphoric acid with simultaneous checking of pH. 
The changes in absorption were measured at 610 mju. Thickness of 
layer 20 mm. 

1 The^ value Kat. f. = 100,000 for erythrocyte catalase previously given by Agner 
has not been found since, and was thus probably too high. 
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ml. phosphoric acid 

TABLE 

I A 

log lo/I X 2 

0.102 m 

pH 

-log [HaPOr] 

corr. for dilution 

— 

6.10 

— 

0.295 

0.015 

4.60 

3.60 

0.300 

0.022 

4.18 

3.44 

0.302 

0.027 

3.96 

3.35 

0.303 

0.052 

3.43 

3.08 

0.312 

0.072 

3.29 

2.95 

0.322 


B. After adjusting the pH of the solution to 3.29, 3 m NaHiPOi/ 

H 8 P 04 -buffer was added. Diluted 100 times, the buffer showed pH 3.30. 
X = 610 mju. 

TABLE I B 

loglo/lxi 

-log [HsPOr] 

corr. for dilution 

pH control 

2.96 

0.322 

3.29 

2.65 

0.325 

— 

2.36 

0,330 

— 

2.05 

0.338 

— 

1.75 

0.350 

— 

1.46 

0.365 

— 

1.16 

0.380 

3.29 

0.87 

0.394 

— 

0.58 

0.399 

— 

0.32 

0.400 

3.03 


From experiment I A it is shown that light absorption at 610 m/x 
increases through the pH-change from pH 4 to pH 3. That this change 
is conditioned by the pH value and not by the phosphate concentration 
is clear from experiment I B. H 2 P 04 ~ can, certainlj", combine with Fe, 
but not to any appreciable extent until higher concentrations are 
reached than those which existed in I A. The phosphate ion is bound 
approximately according to a theoretical, simple dissociation cuive 
(pK'Fe,HjP 04 “= 1.54). The deviation at the highest phosphate con- 
centrations is probably due to the slight sinking of the pH-value. 


Spectrophotometric Experiments with Different Anions 

Acetate buffers of different pH were added to a solution containing 
18.14 mg. liver catalase in 6 ml., the pH in each experimental series 
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being kept constant. The light absorption was measured at 610 and 
580 raft., d = 20 mm. Two series, at pH 5.61 and 4.72, respectively, are 
shown in Fig. 2. 

The experimental results in Fig. 2 agree well with the theoretical, 
simple dissociation curves. The deviations at the highest acetate con- 
centrations are probably due to slight cloudinesses in the solution 
resulting from the high salt concentration. 



Fig. 1 

light Abaoiption of liver Catalase at Varied pH and HiPOr-Concentration 
The curve in part B is calculated: pK'pe; h,po4-»i.m 


All the results of measurements at different pH are given in Table II. 
The value for — log [CHjCOO-^j when half the change in the light 
absorption had taken place, is referred to as pKBpp(„eBt). 

Table II shows that, between pH 3.81 and 5.61, the dissociation 
constant for the binding of the acetate to Fe is dependent upon pH. 
This is explained by the assumption that a hydroxyl ion is bound to 
this catalase hemin-Fe. The acetate ion competes with the hydroxyl, 
thus 

Fe+OH- + CHsCOO- Fe+CHjCOO- + OH- 
The real constant 

IFe+][OHi 

[Fe+OH-] 
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can certainly be calculated from this experimental series, but as the 
value would be based entirely on the determination at pH 3.55 we 



Fig. 2 

Light Absorption of Liver Catalase at Varied Acetate Concentrations 

The points are experimental, the curves theoretically calculated on the assumption 
that pK' is 0.70 at pH 5.61 and 1.6 at pH 4.72. 


V 


pH 

pKapp 

3.55 

2.41 

3.81 

2.40 

4.14 

2.08 

4.45 

1.84 

4.72 

1.63 

5.61 

0.66 


A pH 

ApK., 

0.26 

0.01 

0.33 

0.32 

0.31 

0.24 

0.27 

0.21 

0.89 

0.93 


TABLE II 
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have refrained from making this calculation. As will be shown below, 
an approximative value can be obtained from the determinations of 
activity in the presence of acetate (p. 334). 

In a similar way the change in light absorption was determined 
at 610 and 540 mAi, when sodium formate was added in increasing 
amounts. 



3 Z I 

-log [formate] 

Fig. 3 

Light Absorption of Liver Catalase at Varied Formate CJonccnt rations 

18.14 mg. of liver catalase in 6 ml. m/100 phosphate buffer. pH was 5.01 in one 
senes, 6.81 in another, d =*= 20 mm. 

As was the case on addition of acetate, simple dissociation cuvveti 
were obtained. The points are experimental, the curves theoretically 
calculated on the assumption that pK >Fe+ Hooo-tappj is = 3.24 at 
pH = 5.91 and 2.34 at pH 6.81. As may be seen from the figure, the 
values obtained agree well with the assumption. A change of the pH 
by 0.90 gives an equally large change of pK'app. within this pH-range, 
which further supports the \iew that a hydroxyl group is dissociably 
bound to the iron atom that reacts with the formate ion. 

The formate ion has an affinity for the catalase-Fe which is about 
800 times greater than that of the acetate ion. 
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We have tried to exploit the greater affinity of the formate to 
catalase-Fc for the spectrophotometric titration of catalase under 
favorable conditions, i.e., low pH and high catalase concentration. 
Under these conditions the small amounts of formate added should, 
as long as Fe is in sufficient excess, be practically completely bound 
to the catalase. 

Experiments also showed that this was the case within the pH-range 
3. 3-4.0, inasmuch as the light absorption at first rose in direct pro- 
portion to the addition of formate. It was obvious that the apparent 
dissociation constant between Fe and formate diminished toward the 
acid side; but to calculate definite values was impossible owing to the 
great affinity of the formate for Fe at these pH-values. 

Orientating experiments showed that the lactate, propionate, chloride 
and sulphate ions combine in an analogous way with catalase-Fe. 

Fluoride gave greater changes in the light absorption than the other 
anions. Fig. 4 shows the molar absorption coefficient, jS, for liver 
catalase and erythrocyte catalase at various fluoride concentrations, 
constant pH — 4.86, X = 6.10 mju. 

The molar light absorption is greater for erythrocyte than for liver 
catalase. As the former contains 4 protohemin groups and the latter 
3 protohemin groups and 1 verdohemin group per molecule, this thus 
means that the light absorption of the verdohemin at 610 mju is lower 
than that of the protohemin. If the values for 3/4 of the P of the 
erythrocyte catalase at various fluoride concentrations are calculated, 
these are found to lie 0.4 X 10^ lower than those for the liver catalase 
right up to pF = 1.6, corresponding to m/40 fluoride. This is probably 
due to the fact that the liver catalase contains one molecule of verdo- 
hemin. At higher fluoride concentrations P for the liver catalase begins 
to decrease, and approaches 3/4 that of the erythrocyte catalase, 
which phenomenon recurred constantly in several series of experiments 
at different pH. This can s(*arcely be due to any other cause than the 
fact that, at high fluoride concentrations, the verdohemin gives a fluoride 
compound with lower light absorption. The erythrocyte catalase, which 
lacks verdohemin, does not give any corresponding reduction of p at 

610 JUJU. 

Activitt Dbtbbminations 

The reaction constant for the decomposition of hydrogen peroxide 
by catalase is determined by titrating the residual amount of 
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hydrogen peroxide in samples, taken as a rule 3, 6 and 9 minutes 
after the beginning of the reaction. From the values obtained, the 
reaction constant is calculated. This method has the disadvantage 
that the reaction constant decreases markedly during 9 minutes, so 



Fig. 4 

Molar Absorption for Liver Catalase (X) and Erythrocyte Catalase (•) 
at pH = 4.86 and Varied Fluoride Concentrations 
The points (o) are calculated as 3/4 of the absorption coefficient values for erythro- 
cyte catalase. \ « 610. Curves theoretically calculated, points experimental. 

that the 3 minute period gives a higher value than the 6 minute 
period and the 6 minute period a higher value than the 9 minute period. 
This is considered due to gradual destruction of the catalase. The 
values for Kat. f . given in the literature have generally been obtained 
by extrapolating the reaction constant to the time = 0 min. As this 
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method is rather unsatisfactory, we took the samples after 8 and 10 
minutes instead, when values agreed so closely that one could take 
the mean. So much catalase was used that about half the hydrogen 
peroxide was decomposed during this time. With this method the 
values for Kat. f. are, of course, lower than when extrapolation is 
resorted to. In the experiment described below, however, this was of 
subordinate importance, as all the values for the reaction constant were 
expressed as a percentage of the value obtained with the same catalase 
solution in wi/50 phosphate, pH 6.81 and hydrogen peroxide. The tem- 
perature was kept constant with a water thermostat at, in general, 
20®C., in some experiments 0.8‘’C. 

The reaction flasks, which should all be of the same sise and shape — as catalase is 
to a certain extent adsorbed to glass walls — were cleaned between each experiment 
with bichroma te-sulphiuic acid and repeated rinsings with distilled water. All 
reaction solutions were prepared with water redistilled in glass vessels. 

Altogether, about 2,000 determinations of activity were carried out 
in connection with the investigation. 

Experiments at Various Hydrogen Ion Concentrations 

In order to be able to study the inhibiting effect of different anions 
in different concentrations and at different pH-values, it was neces- 
sary, as in the optical experiments, to use an acid by means of which 
the hydrogen concentration in the reaction mixture could be adjusted 
to the desired value down to the stability limit for catalase, pH 3.2, 
without the anioas of this acid noticeably combining with the catalase 
iron. For this purpose, in the deteminations of activity, hippuric acid 
was used, which, in the experiments performed, proved to have the 
desired property. It behaved in this respect analogously with phos- 
phoric acid, but had the advantage of exercising, because of its disso- 
ciation constant = 10”*®* (Josephson, 15), a buffer effect at least at 
the more acid of the pH-values at which the detenninations of activity 
were carried out. The catalase activity was determined in three dif- 
ferent series, at pH 3.3, 3.6 and 3.9, with rising hippurate concentration 
where the weakest solution only contained the amount of hippuric 
acid required for acidification to the respective pH. The results are 
shown in Fig. 5. 

As may be seen from the figure, the curves are flat at the lower 
hippurate concentrations. It is only at considerably higher hippurate 
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concentrations than those which must be used for acidification of the 
solution, that anion inhibition occurs. 

A large number of determinations, reproduced in Fig. 6, show 
that the catalase acti^dty decreases acid medium. The effect is 



4 3 2 1 

-logfhippurote] 

Fig. 5 

Percentage Catalase Activity in Hippurate Buffers at pH 3.3, 3.6 and 3.9 

markedly less, however, than that found by earlier workers (1, 2), 
which is obviously due to the fact that in those experiments a consider- 
able anion inhibition was added to the pure pH-effect. The activity 
does not decrease, however, according to a simple dissociation curve, 
but in two phases. The form of the cuive, within the wide margins of 
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error, agrees with that which is obtained if one superposes one simple 
dissociation curve on another, the one with pK = 4.90 and ranging 
between 100 and 75% activity, the other with pK 2.75 and ranging 
between 75 and 25% activity. 



- pH 

Fig. 6 


The Effect of pH of Solution on Activity of Liver Catalase 
Experiments with Acetate 

In the same manner as that described in connection with the experi- 
ments with hippuric acid/sodium hippurate mixtures, the activity for 
horse liver catalase was determined in serial experiments at constant 
pH and with rising acetate concentration in the solutions. These were 
prepared by diluting an acetate buffer of definite acetate ion concen- 
tration and pH with hippuric acid solution of the same pH. The dilu- 
tion was carried out in such a way that the acetate ion concentration 
in one flask and that in the following one always stood in the ratio 
of 2:1. In Fig. 7 the percentage values for the activity at various 
acetate concentrations as compared with the catalase effect in phos- 
phate buffer pH 6.8 are indicated. 

The lines connecting the different values have not the form of the 
simple dissociation curve. To make the values found in the activity 
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Fig. 7 

Liver Catalase Activity at Varied pH and Acetate Concentrations 
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determinations conform with a theory which also includes the spectro- 
photometric results, one must resort to the rather unattractive hy- 
pothesis that the different hemin parts of the catalase molecule have 
different properties both spectrophotometrically and with respect to 
their individual contributions to the total activity, as well as regarding 
the effect of the hydrogen ion concentration on their activity. Such 
complicated conditions, of course, can not be elucidated mathemat- 
ically or graphically on the basis of the hitherto existing experimental 
material. In Fig. 7, however, we have shown the curves found experi- 
mentally as superposed results of simple dissociation curves. The 
partial curves which lie between 0 and 25% activity correspond to 
the values found spectrophotometrically in experiments involving 
addition of acetate. The partial curve within the region 75-90% 
activity corre.sponds to one of the dissociation constants (pK = 4.9) 
which has been shown as a pure pH-effect in the experiments with pure 
hippuric acid (Fig. 6). The values within the r^ion 25-75% activity 
we were obliged to fit in empirically. Such graphic speculations clearly 
have only a limited value and can, at best, yield working hypotheses 
for continued investigation. 

An important point, however, is the fact that the experiments on 
the inhibition of activity with acetate gave further support to the 
assumption that the active catalase iron is dissociably combined with 
hydroxyl. One can get an idea of the dissociation constant 

^ [Fe+] X [OH-] 

[Fe+OH-] 

from the following method of calculation, which, as regards horse 
radish and the lactoperoxidases, where conditions are simpler, gave 
accurate results (11). 

In Fig. 8 we have indicated the pKapp value at different pH both 
for the spectrophotometric experiments and for the partial curves 
within the region 0-25%. At higher pH the connecting line between 
the points runs at an angle of 45®, while at lower pH it approaches 
pEspp = 2.5 asymptotically. This observation can only be interpreted 
to mean that the iron atom of the hemin has a dissociably bound hy- 
droxyl group and that, on acid reaction, the hydroiQrl ion more easily 
dissociates, when it can be replaced by competing acetate ions. 

FeOH + Ac“ FeAc -f- OH~ 
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The real constant for the dissociation FeOH Fe*^ + OH has been 
calculated by means of the formula 

IVFe,Ae X [OH] 

tVFe.OH — 

ti-app. -»^Fe;Ac 

which maj" be derived for the case in which two ions, in this case OH” 
and Ac”, compete for a bond to the same atom. According to Fig. 8, 
the curs’-e approaches the value 2.5 asymptotically. The dissociation 
constant Kpe, \c thus becomes = 10”- As the mean of seven calcu- 
lations the constant Kpe.on becomes: 10”^® ^ 



PH 

Fig. 8 

Liver Catalase in Acetate. pKapp Plotted Against pH 
• Values from detenninations of activity (partial curve 0-25% activity). 

X Values from determinations of light absorption. 

Ex'perimenU with Formate 

The activity of both horse-liver and horse-erythrocyte catalase has 
been determined in formate solutions in the same manner as that 
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described for the inhibition experiments with acetate. The determina- 
tions have been carried out at both 20°C and 0.8°C. The activity has 
been expressed as a percentage of the reaction constant in phosphate 
solutions pH 6.8 m/lOO of the same temp, as the sample. 

The results are shown in the figure below. 



-log [formate] 

Fig. 9 

Erythrocyte and Liver Catalase at Varied pH and Formate Concentrations 
O Erythrocyte catalase, 20®C. X Liver catalase, 20®C. 

• Erythrocyte catalase, 0.8°C. + Liver catalase, 0.8*C. 

The experimental results in the different series closely coincide with 
calculated dissociation curves for a monovalent electrolyte. This is in 
opposition to what was observed in the experiments with acetate 
buffers. The experiments with liver and erythroc 3 rte catalase plus 
formate gave results in close agreement with each other. 
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In Fig. 10 the pKapp. values at various pH have been indicated 
both for the spectrophotometric experiments and the activity curves. 
At higher pH the connecting line between the points runs at an 
angle of 45®, while at lower pH it diverges from this direction. As in 
the case of the experiments with acetate, we consider that this is 
probably due to a dissociation of an OH” from the Fe-atom of the 
catalase on acid reaction. The spectrophotometrically determined 



Fig. 10 

Catalase in Formate. pK^pp Plotted Against pH 
X Values from determinations of light absorption 
• Values from determinations of activity 20®C. 

O Values from determinations of activity 0.8°C. 
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pKapp. values deviate only insignificantly from the points obtained 
from the activity measurements. 

The determinations of the catalase activity carried out at 0.8°C. 
also agree with common dissociation curves. The activity at this tem- 
perature, however, was considerably lower, while the value for 
pKftpp. Fe. formate is, at the samc pH, 0.65 units higher than at 20°C. 

The heat of ionization for the reaction 

FeOH + OOCH- 4 ^ FeOOCH + OH- 
can, from the data found, be calculated from the formula 
^ 4.571(logg2~loggi)riX ^2 

^ ' T2 - Ti * 

whence Q = + 12,400 cal./mol. This means, in other words, that the 
difference between the heat of ionization for Fe-OH and for Fe-OOCH 
in catalase is 12,400 caL 


Summary 

1. Spectrophotometric measurements and activity determinations 
have been carried out on preparations of horse liver and horse blood 
catalase in the presence of various anions and at various pH-values. 

2. The results show that the hemin iron is dissociably combined 
with a hydroxyl group which seems to be necessary for the catalase 
activity. This OH“ can be displaced by all the anions investigated, in 
which connection changes in the light absorption and an inhibition 
of activity that, at least in certain cases, runs parallel therewith have 
been demonstrated. Older investigations on anion inhibition of the 
catalase effect are herewith explained. A particularly strong inhibitor 
is formic acid, which is 800 times stronger in this respect than acetic 
acid. Acetic acid gives difficultly explainable discrepancies between 
spectrophotometric and activity determinations. 

3. It has been possible to determine the pure pH-effect upon the 

catalase activity, and it has been found to be far less than has been 
assumed by previous investigators; what the latter have considered 
to be a pH-effect has been mainly constituted by an anion inhibition 
which increases as the pH falls. , 

4. Some values for the dissociation constants for the compounds 
of the active catalase iron with hydroxyl and other anions are given. 
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The difference in the heat of ionization between iron hydroxyl and 
iron formate compounds in catalase is 12,400 cal. 
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Microbes. De la naissance et de la vie de quelques d^couvertes illustres en micro- 
biologie. By Paul Hauduroy. F. Rouge & Cie S.A., Lausaune, 1944. 138 pp. Price: 
Swiss francs 5.60. 

The book is a popular account of three great discoveries, Jenner^s discovery of 
vaccination and Pasteur’s discoveries of the anthrax and rabies vaccines. Written 
in a passionate and oratorical style the book dramatizes and glorifies the part played 
by the individual genius without inquiring into his background. It does not present 
any new facts nor any new interpretations of known facts. This is not intended in 
a popular book but the facts should be correct and this book unfortunately contains 
a good many mistakes of which I would like to point out only a few. There is no 
doubt that smallpox was a great killer but it certainly is exaggerated to say (p. 22) 
that everybody or almost everybody had the disease and that fifty, sixty, or seventy 
per cent of the patients died. If this had been the case the European population 
would have been wiped out very soon. The first vaccinations in Vienna were per- 
formed not by Jean de Cairo (p. 60) but by Pascal Joseph Ferro. This does not 
detract from the great credit due to Cairo who undoubtedly was the most active 
propagator of vaccination on the Continent and was held in high esteem by Jenner. 
The Bibliotheque Britannique published in Geneva through which vaccination became 
known on the Continent was not '*un curieux joumar^ (p. 59) but an interesting 
attempt to oppose British liberalism to the radicalism of the French revolution. 

The second shorter part of the book, on Pasteur, is much more correct because 
it follows Rcn4 Vall4ry-Radot’s biography. The illustrations are good and well 
selected. A number of disturbing printing errors have crept in (e.gr. p. 62, Farguhar 
for Farquhar; p. 49, countries for counties; or, p. 52, the vaccine institute being 
founded in 1779 long before the discovery of vaccination. 

The book makes one sadly realize that the early history of vaccination still has to 
be written. John Baron’s Life of Jenner (London, 1838) was a glorification of Jenner 
and Charles Creighton’s, Jenner and Vaccination (London, 1889) was an attempt to 
debunk Jenner that went much too far. The Johns Hopkins Institute of the History 
of Medicine, which probably possesses the best collection of literature on vaccination, 
will publish in the near future a collection of manuscript documents, several hundred 
letters of Jenner, Jean de Cairo and others, that will throw some new light on the 
subject. 

Henry E. Sigbrist, Baltimore, Md. 

Gene Action in Micro-organisms. — ^A Conference including papers by C. C. 
Lindegeen, E. L. Tatum and G. W. Beadle, M. Dbmerbc, S. Spibgelman, A. 
Hollaender, J. P. Greenstein and H. W. Chalklby, J. W. Gowen, T. M. Son- 
NEBOBN, M. Dblbrt^ck, S. E. Lubia AND S. Embrson. Aunals of the Missouri 
Botanical Garden, XXXII, No. 2, April, 1945. A special number published at 
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Galesbuiig, Illinois by the Trustees of the Missouri Botanical Garden, St. Louis, 
Mo., 1945. 156 pp. Price S5.00. 

Although the titles of most of the eleven papers in this publication indicate a 
principal interest in genetics, one can hardly over-rate the importance of the subject 
matter to the future development of biochemistry. During the many decades that 
have passed since the beginnings of the science of biochemistry, there has been 
accumulated a tremendous store of knowledge concerning the chemical composition 
of living cells. Furthermore, in recent years, a chemical basis has been established 
for understanding the mechanisms of many of the multitudinous dynamic changes 
that occur during life processes. A newer development, which brings together various 
divisions of science as '^Diochemical genetics,^’ shows great promise in the achievement 
of a deeper un’derstandmg concerned with the problems of how livmg cells carry 
out specific chemical reactions, how the abilities to carry out these reactions are 
transmitted from one generation to the next, and what chemical reactions make 
one organism different from another. At the present time there seems little need 
for rationalizing the use of microorganisms for the purpose of attacking these prob- 
lems, since certain of the fundamental principles of genetic transmission of bio- 
chemical abilities appear to be the same for all living forms. 

A consideration of the papers under discussion leads to a general impression on 
the mechanisms of control and perpetuation of biochemical reactions. Each living 
ceU contains units of nucleoprotein with specific chemical configurations. These 
units or genes are usually carried in characteristic nuclear structures (chromosomes). 
During simple cell divisions the chromosomes reproduce themselves to give each 
new nucleus a full complement of the genes carried by the parent. According to the 
conclusions reiterated in the paper by Tatum and Beadle a gene has, in addition to 
the power of self-duplication, the ability to determine the final chomical configuration 
of oiie enzjTne. In turn, this enzyme acts as a catalyst for one specific chemical 
reaction. Though such a description is considered to be too simple by a number of 
workers, it is well supported by experimental work on the mold Neurospora. Many 
experiments on other organisms mdicate that these principles form the basis for a 
broad generalization, but there are numerous cases that will require analysis in 
terms of specific chemical changes before such a generalization will stand unques- 
tioned. 

Although the Xeurospora work has been concerned with genes and with the 
corresponding chemical reactions, the mediating enzymes have not been considered 
from the eperimental standpomt. Since all enzymes do not act specifically on one 
sul^trate. It should be appropriate to consider that a gene controls a type reaction 
rather than one reaction. 


Espenmental work described in three of the papers of the symposium (SonneBom, 
Lmdegren) seems to necessitate the introduction of a agnificant modifi- 
cation into the scheme of biochemical inheritance discussed so far. Convincing 
exponents by Sonnebom on the oiganism Paramecium aurdia indicate that a 
certam ^e eonsi^ of Ua parts. One component (K) has a definite chromosomal 
W and K >^^ted in a Mendelian fashion. The second component (ifcoppo) can 
be transmit^ through the (grtoplasm, but a nuclear combinalion of K andLppa 
appears to be necessary for the reproduction of kappa. An extreme view taken by 



BOOK REVIEWS 


341 


Spiegelman and by Lindegren suggests that gene-like units that control the fermen- 
tation of galactose and of melibiose in yeast can be inherited entirely through 
cytoplasmic transfer. Although the existence of these units is not unreasonable, 
the implications arising are so great that a rigorous proof is necessitated. According 
to Spiegelman, the findings can be interpreted in a more conventional fashion but 
“such theorizations will not be ‘pleasingly simple.^ ” 

An excellent graphic description of some possible mechanisms of gene duplication 
and enzyme formation is presented in a paper by Emerson. Though these mechanisms 
have a sound basis in enzyme and immunochemistry their verification has largely 
eluded experimental proof. 

Two papers concerned with the interrelations between host and virus (Gowen, 
Luria) represent a most interesting trend in biochemical genetics. It is demonstrated 
that viruses can be caused to mutate to have different degrees of virulence without 
loss of powers of self-duplication and in some cases without a measurable alteration 
of antigenic properties. These changes are perhaps comparable to the apparent 
abilities of some genes to mutate to quantitatively different levels of activity without 
loss of the power of self-duplication and the potentiality for back mutation. IVIutations 
of bacteria to strains having new growth factor requirements, as correlated with 
virus resistance, is an item of special interest (Luria). 

The symposium includes discussions of spontaneous mutation rates of bacteria 
(Delbruck), mutation by radiation (Hollaender), and the production of penicillin- 
resistant strains of Staph, aureus (Demerec). The work discussed is concerned, for 
the most part, with methods of producing and selecting mutants of micro-organisms. 
A discussion by Hollaender considers the sensitivity of viruses and micro-organisms 
to radiation of various wave lengths. 

Experiments described by Greenstein and Chalkley on the influence of nucleic 
acids on dehydrogenase systems are concerned with the most important but extremely 
complex relations of regulatory factors on the quantitative production of gene 
products. Interpretations of results are interesting but, as stated by the authors, 
they are speculative. Some quantitative control of enzyme production appears to 
be inherent in a given gene but certainly much of the control must be due to metabolic 
interrelationships as well as external environmental conditions. It is perhaps through 
these secondary effects that many single gene mutations appear to have multiple 
effects. 

The publication includes discussions that followed presentation of several of the 
papers. 

Hbrschel K. Mitchell, Stanford University, Cal. 
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Introduction 

The biological importance of adenine as a structural unit of nucleic 
acids and certain coenzymes, as well as its role in the transfer of 
phosphate, has been established, but most investigations have given 
relatively little attention to metabolism of the aglycone. 

Studies by Pamas, Ostcm and IMann (1934) and others (Conway and Cooke (1939) ; 
von Euler and Skarzynski (1940); and Kerr and Seraidarian (1945)) have demon- 
strated that most animal tissues catabolize phosphorylated adenosine derivatives 
first to adenosine and then, through deamination, to inosine. Muscle tissues offer a 
notable exception in that deamination takes place principally before complete de- 
phosphorylation. This sequence of reactions occurs to a lesser extent in brain, blood 
and the auricle of the heart, but probably occurs to some extent in all tissues. The 
pathway of the reaction in a specific tissue is apparently dependent on the relative 
tissue-specific active concentrations of dephosphorylases, adenosine deaminase and 
adenylic acid deaminase. The existence of these latter two enzymes in muscle was 
demonstrated by Schmidt (1928, 1929) who described purification methods for both 
enzymes. Schmidt's nucleotide deaminase acted only on adenosine-5'-phosphate and 
not on adenosine-3'-phosphate. Using a highly purified preparation of Schmidt's 
enzyme, ICalckar (1944) demonstrated a relatively low activity on adenosine and 
none on adenosine-5'-di- and triphosphates. Enzymes acting specifically on adenosine- 
3'-phosphate and on adenine desoxyribose nucleosides and nucleotides have not been 
reported, although recent work by Greenstein and Chalkley (1945) has pointed out 
the existence of deaminating enzymes acting on intact ribose and desoxyribose 
nucleic acids. A series of papers by Duchateau-Bosson et al, (1940, 1942) have de- 
scribed investigations interpreted as having phylogenetic significance in the distribu- 
tion of purine deaminases. The tissues of vertebrates were found to contain both 
adenosine and guanosine deaminases. In cold blooded vertebrates (salamanders') 
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guanosine deaminase is replaced by guanine deaminase while in the invertebrates both 
of the nucleoside deaminases are replaced by enzymes acting on the uncombined 
purines adenine and guanine. 

In most of the investigations mentioned, deamination has been determined by 
measurement of the ammonia released during the reaction. Borsook and Dubnoff 
(1940) reduced the method to a micro scale and used an enz 3 nne preparation from 
the mold Aspergillus weniii. More recently Kalckar (1944) utilized a micro method 
based on changes of absorption spectrum taking place during the conversion of 
adenylic to inosmic acid. The procedure enables a nearly continuous measurement of 
the course ot leaction and is especially suitable for kinetic studies. 

For the present work this method has been further elaborated for 
application to investigations of the deaminases of Aspergillus oryzae 
and Xeurospora crassa. 

Absorption Spectra for Pure Compounds 

Although wave length values for maxima of absorption of various 
derivatives of adenine and hypoxanthine, as tabulated in the literature, 
show good agreement, the values for molecular extinction coefficients 
do not. Consequently, absorption spectra for several of the compounds 
have been redetermined under conditions to be used 4 for deamination 
experiments. The compounds were made up in 1/15 M phosphate 
buffer at pH 7.0 in a concentration equivalent to 10 y of adenine/ml. 
Compounds were obtained from the following sources: 

Adenosine — A. D. ]McKay Co., X. Y. 

B. L. Lemke Co., X. Y. 

Adenosine-3'-phosphate — Schwartz Laboratories, X. Y. 

A. D. McKay Co., X. Y. 

Adenine — Eastman Kodak Co., N. Y, 

A. D. McKay Co., N. Y, 

Hj-poxanthine — Hofifman-LaRoche, Inc., X. J. 

A, D. :McKay Co., X. Y. 

The same compounds from different sources give essentially the same absorption 
curves. Inosine was prepared from adenosine by enzjTnatic deamination. Preparation 
of the en 23 Tne will be described subsequently. One ml. of enzyme solution (5 mg. dry 
weight) was added to a solution of 250 mg. of adenosine in 50 ml. of water. The mix- 
ture was covered with toluene and incubated for 9 hours. Released ammonia was 
neutralized with dilute hydrochloric acid at intervals. A determination of absorption 
spectrum indicated the reaction to be nearly complete in 4 hours. The solution was 
then evaporated to dryness and extracted twice with 10 ml. of boiling 80% ethanol. 
On evaporation of this extract the inosine crj^stallized. After one recrystallization 
from water the yield was 150 mg. This material was then reciystallized from 80% 
alcohol. Absorption curves did not change appreciably after the first recrystallization. 
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Elementary analysis of the final product gave C 44.43%, H 4.51%, N 20.67%. 
Calculated C 44.72%, H 4.47%, N 20.87%. 

The absorption spectra determinations were made with a Beckman 
Spectrophotometer using 1 cm. quartz cells. Curves for five compounds 
are given in Fig. 1. Wave length is plotted against the density readings 



230 230 240 250 280 270 280 

WAV£ LENGTH m ju 

Fig. 1 


Absoiption Spectra of Adenine, Hypoxanthino, Inosino, Adenosine and 
. • Adenosine-3 -Phosphate in 1/15 M Phosphate Buffer at pH 7.0 


taken directly from the spectrophotometric scale. With a 1 cm. cell 
€C = log = density reading where e = molecular extinction coeffi- 


cient; c = concentration in mols/liter; lo = intensity of incident light; 
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and I = intensity of emergent light. Maximum extinction coefficients 
under the experimental conditions described are given in Table I. 


TABLE I 

Maximum Molecular Extinction Coefficients 


Compound 

Wave length m/* 

Max. 

Adenine 

260 

1.32 X 10‘ 

Hjpo\anthmc 

249 

1.09 X 10* 

Adenosine 

260 

1.49 X 10* 

.\deno&ine-3 -phoshato 

260 

1.49 X 10* 

Inosine 

249 

1.36 X 10* 


A determination of the spectnim of inosine-5'-phosphate isolated from 
muscle resulted in a curve essentially the same as that shown for 
inosine. The curve is not included, however, since the quantity of com- 
pound available would not permit an adequate determination of 
purity. 


Calibration Curve 

Kalckar (1944) has sho^m that a wave length of 265 mju is partic- 
ularly suitable for following the conversion of adenylic to inosinic acid. 
This is also true for adenosine. The curves of Fig. 2 indicate the 
absorption of adenosine and inosine as well as the calculated curves 
corresponding to 16 and 38^ reaction. The series of black dots of 265 
mix represents experimental values for absorptions of various mol 
fractions of the two nucleosides. These points have been projected to 
give a calibration curve for the deamination in terms of per cent 
converted. 


Experimental Curves 

Fig. 3 gives a series of experimental cuiwes indicating total absorp- 
tion changes during the course of enzymatic deamination of adenosine. 
The experiment was conducted as follows: A solution of enzyme con- 
taining 0.2 mg. of purified preparation per ml. was mixed with an equal 
volume of 1/15 M phosphate (pH 7.0) containing 1.98 mg. of adenosine 
/ml. The mixture was sampled immediately and the sample diluted 1 
to 100 in phosphate buffer. Additional samples were taken and diluted 
at 10, 20 and 120 minutes. The four samples correspond to the 0, 16, 
38, and 90% conversion curves given in the Figure. The enzyme 
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preparation contributes a small amount of general absorption but it 
does not change during the reaction and may thus be subtracted from 
the readings of total absorption for utilization of the calibration curve. 



Fig. 2 

Calibration Curve for Following the Enzymatic Deamination of Adenosine 
The two extreme absorption curves represent those of ino&ine and adenosine while 
the two intermediate curves are calculated for 16 and 38% conversion of adenosine to 
inosine. Experimental points for absorption of mixtures of the two nucleosides at 
265 m^ are projected to give the calibration curve in terms of per cent deamination. 


Discussion 

The absorption curves given in Fig. 1 were determined for conditions 
to be used in experimental work on studies of deamination. The 
considerable variation in molecular extinction coefficients found in the 
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literature may possibly be explained on the basis of solvent differences, 
pH differences or purity of the compounds. With respect to the former 
we have noted little change in using succinate rather than phosphate 
buffer. Relatively small changes in pH may contribute a great deal to 
variations in extinction coeflSicients, especially with hypoxanthine and 



Fig. 3 

The 4 Absorption Curves Represent 0, 16, 38 and 90% Deamination of 
Adenoane as Determined on Samples from a Reaction Mixture 

its derivatives. Loofbourow and Stimson (1940) made a detailed in- 
vestigation of the absorption changes of adenine •with p.batiging pH 
shovring a shift in emax from 1.36 X 10* to 1.08 X 10* with a pH 
change from 6 to 9. More recent work by Stimson and Reuter (1945) 
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indicates a less extreme change for adenosine. Investigations in this 
laboratory have demonstrated a considerable shift with pH change of 
both c-max and the wave length of e-max for the nucleoside inosine. 
Changes for hypoxanthine are even greater than those of inosine, 
adenine or adenosine. 

The experimental and calculated absorption curves at various stages 
of reaction are in good agreement despite the small light-absorbing 
background due to the enzyme preparation. However, in a general 
application of this method of follovdng the deamination reaction, using 
cnider enzyme preparations, this light absorbing background must be 
considered critically. 


Summary 

1. Ultraviolet absorption spectra are given for adenine, adenosine, 
adenosine-3'-phosphate, hypoxanthine and inosine. The determinations 
were carried out in phosphate buffer at pH 7.0 using a Beckman 
Spectrophotometer. 

2. The spectrophotometric method of Kalckar (1944) has been 
elaborated for use in studies of adenosine deaminase in molds. 
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Introduction 

In 191 1, TaJiamine described a preparation of a highly active diastase 
from the mold Aspergillus oryzae. The mold was grown on moist bran, 
dried and the enzymes extracted with water, followed by precipitation 
by alcohol. Dried preparations of an enzyme mixture produced in a 
similar fashion have been commercially available for many years under 
the names of takadiastase and clarase. The material is commonly 
labeled in terms of an arbitrary standard as percentage diastase ac- 
tivity, although the mixtures contain many enz 3 Tnes. It has been 
found in this laboratory that takadiastase is an excellent source of an 
enzyme catalyzing the conversion of adenosine to inosine. This paper 
is concerned with further purification and some kinetic studies of this 
enz 3 ane by means of a spectrophotometric method of following the 
deamination reaction (Kalckar, 1945, and Mitchell and McEIroy, 
1946). 

Enzyme Source 

Dried Aspergillus oryzae on bran and a number of takadiastase 
samples have been tested for adenosine deaminase activity. Results 
are given in Table I where the takadiastase samples are listed in terms 
of per cent diastase activity. 

There is little correlation between the diastase and the deaminase 
activities but the samples with high diastase activity are more easily 
purified. The sample labeled 1230% was used for most of the experi- 
mental work described in this paper. 

* This work was supported by funds from the Nutrition Foundation. 

t National Research Council Fellow (1945-’46}. Present address, Department of 
Kology, Johns Hopkins Univerrity, Baltimore, Maryland. 
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TABLE I 

Adenosine Deaminase Actimly of Takadiastase 
Activity is given in terms of y of adenosine deaminated in ten minutes in a 1% 
solution of enzyme and a 0.198^ solution of adenosine. 


Adenosine deaminated 

Diastase activity in 10 mm. y 


1. 

Aspergillus bran 

6 

Dr. A. K. Balls, Western Regional 
Lab., Albany, California 

2. 

300% 

40 

Drugstore (Parke-Davis Co.) 

3. 

450% 

50 

Drugstore (Parke-Davis Co.) 

4. 

525% 

160 

Parke Davis Co., Michigan 

5. 

1230% 

400 

Parke Davis Co., Michigan 

6. 

1010% 

140 

Takamine Labs., N. J. 

7. 

1250% 

70 

Takamine Labs., N. J. 

8. 

1500% 

110 

Takamine Labs., N. J. 


General Properties of the Deaminase 

Even the crude preparations of the enzyme are very soluble in water 
and a 25% solution can easily be prepared from purified material. The 
deaminase is precipitated by alcohol or acetone at room temperature 
without loss while dioxane causes some loss of activity. Sterile aqueous 
solutions may be preserved at 8®C. for many months and for at least 
a week at 25°C. Enzyme activity disappears to the extent of about 
50% in 10 minutes at 80®C., although very little insoluble protein is 
produced. Ammonium and magnesium sulfates precipitate only part 
of the active enzyme even in saturated solution of the salts. The 
enzyme can be precipitated, however, by lead acetate and the activity 
recovered by HoS or phosphate treatment. Dialysis against distilled 
water does not alter enzjmatic activity in a 24r-hour period. Prepara- 
tions rapidly and permanently lose actmty below pH 4 and above 
pH 9.5. The enzyme does not adsorb to an extent useful for purification 
on permutit, alumina, amberlite, calcium carbonate or charcoal 
(Norit) in the range of pH stability. 

Enzyme Purification 

A number of variations in purification procedures have been utilized, but the 
simplest method giving consistent results is described as follows: One g. of takadiastase 
(1230%) was dissolved in 20 mi. of water and the solution centrifuged. The precipitate 
was discarded and the supernatant solution was shaken with 2 g. of permutit. After 
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centrifugation 2 g. of KCl were dissolved in the supeinatent enzyme solution followed 
by 10 ml. of ethanol. The resulting precipitate was removed and discarded. Addition 
of 45 ml. more of ethanol precipitated essentially all of the adenosine diaminase. 
Following centrifugation, the precipitate was redissolved in 15 ml. of water and 
reprecipitated with 30 ml. of alcohol. The resulting precipitate (75 mgs. dry weight) 
was redissolved in 15 ml. of water and stored under toluene in the refrigerator. About 
60% of the original activity was retained in the final preparation. This represents 
approximately an eight-fold purification over the takadiatase and about six himdred- 
fold purification over dry Aspergillua oryzae bran. Further purification by alcohol 
precipitation is inefficient and attempts at crystallization from water, acetone-water 
or alcohol-water were unsuccessful. The enzyme preparation as described was 
utilized in kinetic studies. 


Enzyme Saturation 

Determinations of the amount of adenosine required to saturate the 
enzyme were made in 1/15 M phosphate and in 0.2 M succinate buffers 
at pH 6.15. The enzyme preparation was diluted 1 to 10 with buffer, 
the pH was adjusted and the solution was then mixed with an equal 
volume of appropriately diluted adenosine solution. The reaction for 
the lowest concentration of adenosine (20 7/ml.) was carried out 
directly in the cell of a Beckman Spectrophotometer. Absorption 
changes at 265 m^ were recorded every minute. With higher substrate 
concentrations samples were removed at longer intervals and diluted 
in the appropriate buffer to give an equivalent of 10 7 of adenine/ml. 
Since the quantity of substrate converted is essentially proportional to 
time up to about 20% reaction, several early readings were recorded 
and utUized to calculate the initial reaction velocity at each substrate 
dilution. The calculated rates (7 adenosine converted in 10 minutes) 
are plotted in Fig. 1. The experiments were carried out at 25®C. It 
may be observed that half saturation is reached at 50 7 of adenosine/ml. 
in phosphate while 72 7 are required in succinate. 

Using a low concentration of substrate (20 7/nil.) and the 1 to 10 
enzyme dilution, velocity constants at different time intervals have 

1 a 

been calculated from the equation K — - log where K = veloc- 

t CL CC 

ity constant, t = time in minutes, a = initial concentration and 
X = quantity of substrate converted in time t. These values are listed 
in Table II. 

The reaction appears to be pseudo-unimolecular up to 50% con- 
version. 
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The Quantity of Substrate Required to Saturate the Adenosine 
Deaminase Purified from Takadiastase 
The reaction mixtures contained 0.25 mg. of enzyme preparation/ml. 

TABLE II 


Velociti/ Constants with the Enzyme Unsaturated 


(Min.) 

Per cent 
conversion 

K 

3 

19 

0.0183 

4 

24 

0.0182 

5 

30 

0.0176 

6 

37 

0.0186 

7 

41 

0.0186 

8 

44 

0.0179 

9 

49 

0.0177 

10 

52 

0.0173 

11 

56 

0.0173 

12 

59 

0.0168 
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pH Optimum 

Using the same general technique already described the pH optimum 
for the deaminase has been investigated. Experiments were carried 
out at the lower range of enzyme unsaturation (20 7 of adenosine/ml.) 
in both phosphate and succinate buffers. A pH curve was also deter- 
mined in phosphate buffer \vith substrate in excess of that required to 
saturate the enzyme. In all cases rate was determined as the quantity 
of adenosine converted in 10 minutes. As determined by a Beckman 
pH Meter, all pH changes during reactions were less than 0.1 unit. 
These data are summarized in Fig. 2. 



The pH Optima of Adenosine Deaminase from Takadiastase as Determined 
in Different Buffers and for Two Substrate Concentrations 
The deamination rate at the right corresponds to the high substrate concentration 
and the rate at the left corresponds to the low substrate concentration. The reaction 
mixtures contained 0.25 mg. dry weight of the enzyme preparation. 
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Temperature Optimum 

The temperature optima of the adenosine deaminase were deter- 
mined in phosphate buffer (pH 7.0) at substrate levels corresponding 
to partial enzyme saturation and above saturation. Temperatures were 
maintained in a thermostatically controlled water bath (+ 0.1°C.). 
Rates were determined as before and the resulting rate-temperature 
cun-es are given in Fig. 3. 



Temperature Optima of Adenosine Deaminase from Takadiastase 

The deamination rate at the right refers to the high substrate concentration and 
the rate at the left refers to the low substrate concentration. The reaction mixture 
contained 0.26 mg. dry weight of the enzyme preparation. 
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Calculations of n (aclivation energy) and All (heat of denaturation) 
Irom the data for both substrates concentrations gave approximately 
12,000 cal./mol for n and 75,000 cal./mol for AH. The data ai*e not 
sufficiently extensive for calculations of more than approximate values. 


Discussion 

Although the enzyme preparation described is considerably purified 
it still contains other enzymes than adenosine deaminase. In particular, 
dophosphorylases acting on adenosine-3'-phosphate and adenosine-5'- 
phosphate are still present. These compounds are thus deaminated 
by the enzyme preparation through the adenosine system. These re- 
actions will be considered in a subsequent publication. 

Data are insufficient for a rigorous comparison of the mold deaminase 
Avith a similar one from animal tissue, although the pH characteristics 
presented here are considerably different from those described by 
Conway and Cooke (1939). Solubility and stability to dialysis suggest 
that the enzyme from Aspergillus is a relatively simple protein without 
a dissociable prosthetic group. Striking stimulation by inorganic ions 
has not been noted. None of these facts are in serious discord with 
published information on the properties of adenosine deaminase from 
animal tissue. 

Fig. 1 demonstrates a significant difference in dissociability of the 
deaminase-substrate complex as measured in phosphate and in suc- 
cinate buffer. An apparent further manifestation of this phenomenon 
is strikingly illustrated in Fig. 2 where a broad pH optimum is shown 
in phosphate but not in succinate. 

The lack of a sharp temperature optimum of the enzyme at low 
substrate concentrations may be interpreted as lack of protection of 
the enzyme by the substrate. Calculated heats of denaturation for the 
two substrate levels are not sufficiently accurate to verify this inter- 
pretation. 


Summary 

1. Takadiastase is shown to be a good source of adenosine deaminase. 
Purification of the enzyrme is described. 
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2. Substrate combining capacity, pH optima and temperature 
optima have been determined under varied conditions using a purified 
enzyme preparation. 

3. The deamination reaction is pseudo-unimoleculai’ up to 50% 
conversion of adenosine to inosine. 
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Inteoduction 

The mixed proteins of mother’s milk and cow’s milk ai’e generally 
recognized as being of the highest biological value. Although the 
relative status of cow’s and mother’s milk proteins is still undergoing 
investigation, the former impression, gained primarily from clinical 
studies, that human milk proteins are superior, is no longer held by 
some authorities (1, 2). In 1940, a comparative investigation was 
carried out on the essential amino acids in cow’s and mother’s milk. 
The results of these experiments were so similar to those found by 
Plimmer and Lowndes (3) in 1937 and to the then unpublished data of 
Beach et oZ. (4), that no detailed report was made. Early in 1944, -we , 
obtained a liter of nqilk from a white multipara, during her fourth 
month post partim (White A). The amino acids in the proteins obtained 
from this woman’s milk were different from the values obtained previ- 
ously, so that it w’as decided to reinvestigate the whole problem for 
individual variations. 


Amino Acid Analyses 

Proteins wore prepared from all the samples of milk by precipitation with an 
excess of freshly prepared 50% trichloiaeetio acid at 0°C. for 24 hours. The predpitate 
was washed thoroughly with cold 10% CCUCOOH and the excess add and lipids 
were removed by succesdve extraction with acetone, hot alcohol, hot benzene and 
ether. The white powdery protein was dried at 110°C. to constant wd^t and 
analyzed. 

Nitrogen was determined by the Ejeldahl method; arginine, histidine and lydne 
were isolated by the diver prodpitadon method, duplicate determinations, (c/ 5) 
or determined microbiologically, on two hydrolyzates at 10 different dilution levels 
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(6): tyrosine and tryptophan were .'^^^^^^^fKapeller- Adler’s 

Uhc^tes ( 0 / 5); phenylalanine estimated 

reaction, average of six determ^tions ^ average of four analyses (e/ 5); and 

by the Folin and Sullivan methods, respec method on four analy- 

threonine was determined by the penoda e p- y * by the chromate- 

permanganate oxidation method (c/ 5) m hydrolyzates at 

Ae microbiological procedure in the recent analyses (7, 8. 9) on wo y 

ten dilution levels. 

Discussion 

Our amlj-tical data ate summatiaed m Table I, ^ 

This mother, the wife of a local physician, was 3 y 

of her eeeoEd delivery and had nar^ the 

for nine months. She had an ample, „ ^ro- 

for both children but in contrast to the other mothers, is n P 

Lional doaor. Unfortunately, by the time to 

ehe had diecontinued nursing and a secon excentionally 

obtained. She stated that both ehildren app^ to ^ 

Ll on the breast mrd are eensider«i large for th^ Sh^Ul? 
individnal samples trere obtained from one 
with six children and one colored woman, age 23, with 
In each case the milk was not collected until six months post 
The pooled milk (1944) was from fifteen colored mothers at least three 
ihe history of the 19^ 

recorded. The colostml milk was obtain^ from ““ 

sfarteen to twenty-four year, 014.^°^ ° 

rrere patient, nt the Flower and Fifth Avmue Hwit^. The cow 

milk won the regular commereUd °*’**^*^2;„ between 

In view of the large differences m cystme and tryptophan between 

the proteins of White A and the other mothers, these analyses wer 

. -nunianmd diet dmi« P».«ncy mid U«.n«., 

including the ingestion of at least one egg per day. 
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TABLE II 

Amino Acids in Milk Proteins . 
(Calculated to 16.0 g. of Xitrogen) ® 


Amino acid in g. 

Cow’s milk proteins 

1 

Mother’s milk proteins 

1 

1 Plimmer 
j (3) 

Beach 

(4) 

Williamson 

(10) 


Beach 

(4) 

Williamson 

(10) 

Arginine 

3.8 

4.1 

4.2 

4.6 

5.1 

4.8 

Histidine 

1.7 

1.9 

2.0 

1.6 

1.5 

1.8 

Lysine 

6.2 

7.2 

6.4 

6.4 

7.4 

6.7 

Tyrosine 

5.3 

6.4 

5.5 

4.7 1 

6.2 

5.2 

Tryptophan 

1.5 

1.4 

1.5 

2.0 

2.3 

2.2 

Phenylalanine 



5.8 



5.4 

Cystine 

1.1 

0.7 

0.9 

3.2 

2.5 

2.9 

Methionine 

2.7 

3.4 

3.2 

1.8 

2.4 

2.0 

Threonine 



4.9 



4.5 

Leucine 



16.8 



16.2 

Isoleucine 



5.4 



5.3 

Valine 



5.4 


t 

4.7 


repeated nine months later. In each case, the results agreed with the 
previous determinations. The results in Table I also suggested that 
there may be a difference in the cystine content of the proteins from 
white and colored women^s milk. Therefore, further samples of milk 
were obtained from three white mothers and five colored mothers. 
The mean cystine values from the five white and six colored mothers 
was 2.67 and 1.49, respectively. Statistical analyses indicated that the 
results were significantly different even when White A was omitted 
from the calculations.® 

As was to be expected, the amino acid pattern of colostral milk 
differed from that of mature milk. The data also suggest that there 
may be individual differences in the amino acid pattern of the total 
milk proteins from different mothers. The differences in the amino 
acid pattern of total milk proteins is probably a reflection of the 
variations in the casein-lactalbumin ratios. This variability is in con- 

* We are indebted to Professor Bernard Riess for the statistical analysis. He states 
that when the cystine contents of the proteins of the white and colored mothers’ 
milks (omitting White A) were compared by the Fischer test, the value is 
2.02 and the corresponding P value is between the 0.02 and 0.01 level When the 
values for WTute A are included, the “t” value is 5.36 and the P value is beyond 0.001 , 
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trast to the results of comparative studies on liver and muscle proteins 
which show that these proteins, even from widely different species 
have a relatively constant amino acid pattern (c/ 6).*^ 
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We are indebted to Miss Helen Leighty of the Child Welfare Federation of New 
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Summary 

1. Mother’s milk and cow’s milk proteins have been analyzed for 
nitrogen, arginine, histidine, lysine, t3rrosine, tryptophan, phenyl- 
alanine, cystine, methionine, threonine, leucine, isoleucine and valine. 

2. Pooled samples of mother’s and cow’s milk proteins differ mark- 
edly only in two amino acids — cystine and methionine, the essential 
acid being methionine. However, the total of the sulfur amino acids 
of both human milk and cow’s milk proteins is approximately equal. 

3. It would appear from a consideration of amino acid data only, 
that human milk proteins are not nutritionally superior to the proteins 
of cow’s milk. 


References 

1. Gordon, H, H., and Levine, S. Z., /. Pediatrics 25, 464 (1944). 

2. Levine, S. Z., /. A7n. Med. Assoc. 128, 286 (1945). 

3. PuMMER, R. H. A., and Lowndes, J., Biochem. J, 31, 1751 (1937). 

4. Beach, E. F., Bernstein, S. S., Hoffman, O. D., Teague, D. M., and Mact, 

I. G., Biol. Chem. 139, 57 (1941). 

5. Block, R. J., and Bolling, D., The Amino Acid Composition of Proteins and 

Foods, C. C. Thomas, Springfield, 111. (1946). 

6. Dunn, M. S., et al, J. Biol. Chem. 166, 715 (1944); Stokes, J. L., et al., J. Biol. 

Chem. 160, 35 (1945). 

7. Kuiken, K. a., Norman, W. H., Lyman, C. M., Haije, F., and Blotter, L., 

/. Biol. Chem. 151, 616 (1943). 

8. Shankman, S., j. Biol. Chem. IW, 305 (1943). 

9. McMahan, J. R., and Snell, E. E., J. Bid. Chem. 162, 83 (1943), 

10. Williamson, M. R., J. Biol. Chem. 156, 47 (1944). 

11. Vickery, H. B., and Clarke, H. T., Science, 102, 454 (1945). 

12. Hodson, a. Z., and Krueger, G. M., Arch. Biodiem. 10, 65 (1946). 


* The paper of Hodson and Krueger (12) on the ‘'Essential Amino Acid Content 
of Casein and Fresh and Processed Cow's Milk as Determined Microbiologically on 
Hydrolysates” should be referred to in this connection. 
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In connection with a study of the influence of Z-ascorbic acid on the 
aerobic respiration of the slices of sweet potatoes (Ipomoea batatas 
Poir), the influence of the acid on the anaerobic respiration of the slices 
was also tried. Briefly, the method consisted in cutting 4he roots into 
thin slices, washing the slices in running cold tap water for 15 to 24 
hours and then determining the rates of CO* liberation in an atmos- 
phere of nitrogen by means of a Warburg respirometer. 

Following this procedure, it was found that the addition of ascorbic 
acid, either the I- or d- Lsomers, to the slices respiring anaerobically 
in an atmosphere of nitrogen caused the slices to stop giving oflf COi. 
(Curves I and II in Fig. 1.) The ascorbic acid seems to have had a 
toxic action on the plant cells, for it was not possible to revive the 
aerobic respiration by replacing the nitrogen in the respirometer 
flasks by air. (Curves lA and IIA in Fig. 1.) Even after 5 hours, the 
aerobic respiration of the slices which had been treated with ascorbic 
acid anaerobically, was only about 25% of the control slices which had 
no ascorbic acid added. 

Potassium cyanide caused some inhibition of the anaerobic CO* 
production of the sweet potato slices. When addition of cyanide was 
followed by addition of ascorbic acid to the slices, the cyanide pre- 
vented the ascorbic acid from inhibiting the anaerobic respiration. 
(Fig. 2.) Sulfhydryl compounds such as cysteine and glutathione, 
which showed practically no effect on the anaerobic respiration of the 
slices, like the cyanide, were found to prevent the added ascorbic acid 
from stopping the anaerobic respiration. The curves for cysteine are 
shown in Fig. 3. 

* Member Institutum Divi Thomae, Cincinnali, Ohio. 
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As previously mentioned, it was usually found necessary to wash 
the sweet potato slices for 15 to 24 hours in cold running tap water 
for the added ascorbic acid to exert its inhibitory action on the an- 
aerobic carbon dioxide production of the slices. The necessity of wash- 
ing the slices for this length of time suggests that possibly some 



Fig. 1 

Showing the inhibition of the anaerobic respiration of sweet potato slices by the 
addition of ascorbic acid, and also the inability of the slices to undergo aerobic 
respiration after replacing the nitrogen in the respirometer flasks b 3 ’’ air. Thirty 
sweet potato slices (see experimental details), washed 18 hours in cold water, w'ere 
placed in buffer solution in an atmosphere of nitrogen in the flasks. Curve I represents 
the rate of CO 2 given off by the slices in the absence of added ascorbic acid and cur\'e 
IT the rate of COa given off in the presence of 2 mg. of added ascorbic acid. 

At the end of 180 minutes the experiment was interrupted, the nitrogen was 
replaced by air, filter paper wicks moistened with 20^ KOH were placed in the center 
wells of the flasks, and after the lapse of 25 minutes the rates of oxygen uptake were 
measured. Curve lA represents the oxygen uptake of the slices to which no ascorbic 
acid had been added, and curve IIA, the oxygen uptake of the slices to which 2 mg. 
ascorbic acid had been added. 

substance was removed during the w^ashing, the absence of which 
caused the slices to be vulnerable to the added ascorbic acid. Phosphate 
and magnesium ions are known to take part in anaerobic respiration. 
The absence of phosphates in the respiring slices was excluded, as 
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sodium potassium phosphate buffer was used. The addition of magne- 
sium chloride also failed to prevent the inhibitory effect of the ascorbic 
acid. 

Since acids, such as fumaric and citric, play a role in certain respira- 
tory reactions, these acids were substituted for the ascorbic acid. 
Neither one, however, showed any tendency to interfere with the 



Potassium cyanide preventing the inhibition of the anaerobic CO 2 production of 
sweet potato slices by added ascorbic acid. Thirty sweet potato slices, washed 20 
hours in cold tap water, were placed in each respirometer flask together with a buffer 
solution in an atmosphere of nitrogen. (See experimental details). Curve I represents 
the rate of C’O: given off by the slices respiring anaerobically in the buffer solution. 
Curve II represents the rate of CO 2 given off by the slices respiring in the presence 
of 5 mg. of KCN. Curve III is the rate of CO 2 given off by the shces in the presence of 
5 mg. of KCN to which 3 mg. ascorbic acid were added from the side arm after the 
reaction had progressed for 80 minutes. Curve IV is the rate of CO 2 given off by the 
slices in the presence of 3 mg. ascorbic acid added after 80 minutes. 

anaerobic CO2 production of the slices. Fumaric acid was also tried in 
the presence of ascorbic acid but it had no effect in overcoming the 
inhibition caused by ascorbic acid. 

To learn whether any change had occurred in the added ascorbic 
acid when it caused inhibition of anaerobic respiration, determinations 
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were made of the amounts of ascorbic acid in the solutions added, in 
the slices and in the liquid in the respirometer flasks. It vnll be noted 
in Table I that the ascorbic acid remained unchanged during the 
duration of the experiment. 



Fig. 3 

The influence of cysteine on ascorbic acid inhibition of the anaerobic carbon 
dioxide production of sweet potato slices. Thirty-five slices, washed 18 hours in ‘cold 
water, were used in each of the respirometer flasks together with a buffer solution. 
Curve I is the rate of CO 2 given off by the shces respiring in N 2 and buffer solution. 
Curve II is the same as I except 3 mg. of ascorbic acid were added after the experi- 
ment had been in progress for 15 ramutes. Curve III shows the rate of CO 2 given off 
by the slices in the buffer solution containing 3 mg. cj'steme to which 3 mg. ascorbic 
acid were added after 15 mmutes. Curve IV shows the rate of CO 2 given off by the 
slices in the presence of 3 mg. cy’steine. 

Lots of 35 slices (washed in cold w-ater 20 hours) were used in each of the respiro- 
meter flasks. Flask I also contained 2 ml. J//15 sodium potassium phosphate buffer 
solution and sufficient water to make the final volume of the reaction mixture 9 ml. 
and pH 5.2. Flask II was the same as I except that 1 ml. of a neutralized ascorbic 
acid solution and 1 ml. of a 30^ metaphosphoric acid solution ^ w’ere added from side 

^ The metaphosphoric acid was added to stop any possible oxidation of the ascorbic 
acid. 
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arms ai the beginning of the experiment. Flask III was the same as II except that the 
1 ml. of mctaphosphoric acid was added at the end of the experiment.^ The duration 
of the experiment was 240 minutes and the temperature, 25°C. 

TABLE I 

Dry weight of 35 slices 0.5892 g. 

Native ascorbic acid contained in 35 slices 0.53 mg, 

Z-Ascorbic acid in 1 ml. of ascorbic acid soln. 3.03 mg. 

IMg. ascorbic acid in flasks 


I 

(control) 

II 

III 

At the beginning of experiment 




In slices 

0.53 

0.53 

0.53 

In reaction soln. 

0.0 

3.03 

3.03 

Total ascorbic acid in flasks 

0.53 

3.56 

3.56 

At the end of experiment {2^0 mine.) 




In slices 

0.5P 

0.29 

0.30 

In reaction soln. 

0.00 

2.87 

2.87 

Total ascorbic acid in flasks 

0.51 

3.162 

3.17* 


Bearing in mind that the reaction in Flask II was stopped by meta- 
phosphoric acid at the beginning of the experiment and in Flask III 
at the end of the experiment (240 mins.) it becomes evident that no 
change (beyond experimental error) occurred in the amount of ascorbic 
acid in Flask III during the duration of the experiment. 

Ascorbic acid was also added to washed slices from other plants 
respiring in an atmosphere of nitrogen. Slices from beets, carrots and 
the common potato, solanvm tuberosurrij behaved like the sweet potato 
slices in that practically no carbon dioxide was given off. Slices from 
turnips, kohlrabi and a particular variety of sweet potatoes. Pelican 
Processor, failed to respond to the inhibiting action of the ascorbic 
acid. This failure of the ascorbic acid to prevent the evolution of CO 2 
in the cases of the two last mentioned slices might possibly have been 
due to these slices not having been washed sufficiently in water. It 
might be mentioned that different varieties of sweet potatoes differed 
in the length of time the slices had to be washed in cold running tap 
water before their anaerobic CO 2 formation could be inhibited by the 
added ascorbic acid. Slices from some varieties appeared to require 

® The loss in ascorbic acid in flasks II and III (3.56-3.16 and 3.17 mg.) was probably 
due to autoxidation in handling the ascorbic acid solution and to experimental error. 

® The reason why less ascorbic acid remained in the slices in flasks II and III than 
in the slices in flask I was attributed to the eluting action of the metaphosphoric 
acid. 
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only a few hours of washing while others, those possessing highly 
pigmented tissue, required 20 or more hours of washing. 

In the case of the beet slices, it was noticed that, when these slices 
failed to respire anaerobically in nitrogen, due to added ascorbic acid, 
the red pigment diffused into the reaction solution in the Warburg 
flask. This liberation of the pigment was not noticeable when the beet 
slices respired aerobically in the presence or absence of added ascorbic 
acid. 

Experimental 

Sweet potatoes in a good firm condition with no signs of decay were used. The 
slices were prepared by first cutting off the two ends of the sweet potato, then a sharp 
cork borer was passed longitudinally through the tuber. This last operation was 
repeated as many times as the area of the surface permitted. The tuber was then cut 
horizontally by a microtome. In this way several hundred round discs or slices, 1.2 
cm. in diameter and 400 mp thick were obtained from the same potato. The slices 
were placed immediately in running cold tap water and washed for 15 to 24 hours. 
During the washing the slices were continuously in motion and thereby thoroughly 
mixed. In this way it was found possible to obtain lots, consisting of 30-35 slices, 
which were shown to be very uniform or equivalent with respect to respiration 
measurements. 

A Warburg respirometer was used for following the rate of carbon dioxide liberation 
in an atmosphere of nitrogen. The nitrogen was first passed over a heated coil of 
copper mesh to remove traces of oxygen present in it and then washed with water 
to saturate it with moisture at the temperature of the manometer bath, 25°C. While 
the respirometer flasks were shaking at the rate of 120 oscillations per minute, they 
were continuously flushed with the nitrogen during the 15 minute equilibrium period 
before starting the experiment. Oxygen uptakes were measured in air using filter 
paper wicks moistened with 0.2 mL of 20% KOH m the center wells of the flasks for 
absorbing the carbon dioxide as it was formed. The capacity of the flasks was about 
50 ml. Thirty to thirty-five slices were used in the flasks with 2 ml. of M 115 sodium 
potassium phosphate buffer at pH 5.2. Water was added to make the total volume 
up to 9.2 or 10.2 ml. including that of the slices and the various solutions added. 

The solutions of ascorbic acid, glutathione, KCX. etc., added to the respiring slices 
were prepared by dissolving the required amount in J//50 phosphate buffer and ad- 
justing the pH to 5.2 by means of a few drops of an aqueous solution of alkali or acid. 

The amounts of ascorbic acid in the slices and in the reaction solutions contained 
in the respirometer flasks were determined by a modification of the method described 
by Bessey and King (1) and King (2) using a visual titration with the sodium salt of 
2,6-dichlorophenolindophenol in a 3% aqueous solution of metaphosphoric acid. 
In order to kill the slices and prevent o.xidation of the ascorbic acid when the slices 
were removed from nitrogen to air, 30^ metaphosphoric acid was added at least 40 
minutes before the end of the e.xperiment. 

The authors wish to express their sincere appreciation to Mr. Stanley Lewis for 
his technical assistance in the work, and to the Rockefeller Foundation for financial 
aid. 
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d- and Z-Ascorbic acid were found to inhibit the anaerobic respiration 
of washed sweet potato slices 

Cyanide, glutathione and cysteine prevent the ascorbic acid from 
inhibiting the anaerobic respiration of washed sweet potato slices. 

Fumaric and citric acids and magnesium chloride had no effect on 
the ascorbic acid inhibition of anaerobic respiration. 

Carrots, beets and the common potato also showed inhibition of 
anaerobic respiration by ascorbic acid. Turnips, kohlrabi and the 
Pelican Processor variety of sweet potatoes appai’ently were not 
affected by ascorbic acid when respiring in nitrogen. 
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Introduction 

Many instances are known where by slight modification in structure 
a metabolite may be converted into an inhibitory compound (1). The 
similarity in structure of jS-alanine and propionic acid suggested that 
the propionates might owe their bacteriostatic and fungistatic activity 
to a competitive interference with the synthesis or utilization of jS- 
alanine or pantothenic acid. The following experiments were carried 
out to test this hypothesis. Escherichia coli was selected for the initial 
studies since it is capable of rapid growth in a synthetic medium free of 
jS-alanine or pantothenic acid. 

Experimental 

The medium used for the gimih studies with Escherichia coli had the following 
composition: Na2S04, 0.5%: NH4CI, 0.5%; K2HPO4, 0.8%; MgSOi-THaO, 0.08%; 
asparagine, 0.6%; glucose, 0.5%; pH 7.35. Various amounts of the materials tested, 
adjusted to pH 7.35, were pipetted into bacteriological test tubes. All tubes of the 
test were then diluted to 5 ml. with water. Five ml. of the medium (double strength) 
were added and the test autoclaved at 12 pounds pressure for 10 minutes. After 
cooling to room temperature each tube received one drop of a 1 : 1000 dilution of a 
24-hour culture of the organism that had been maintained by daily transfer in the 
medium described. Incubation was carried out at 37®C. until control tubes (no 
propionate or jS-alanine) had reached maximal growth. Bacterial density was deter- 
mined with the Klett-Summerson photoelectric colorimeter using a 540 p filter. 

The cultures assayed for pantothenic acid were autoclaved following growth and 
then were assayed directly for pantothenic acid. Lactobacillus arabinosus was used as 
the assay organism (2). 


Results and Discussion 

The data in Table I (Experiment 1) indicate that the bacteriostatic 
activity of sodium propionate for Escherichia coli may be counteracted 
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TABLE I 

The Influence of Various Compounds on the Bacteriostatic Activity 
of Sodium Propionate for Escherichia coli 





Turbidity Readmgs 


Expt. 

no. 

Supplement Studied, per 10 ml. 

Sodium Propionate, mg./lO ml. 



0 

10 

20 

50 

1 

None 

85 

24 

10 

5 


1 y )8- Alanine 

85 

70 

29 

12 


5 ^ /S- Alanine 

85 

84 

70 

33 


10 y i3- Alanine 

85 

85 

71 

37 

2 

None 

80 

32 

13 

10 


1 mg. /S- Alanine 

80 

61 

47 

21 


1 mg. Pantoyl lactone 

75 

33 

15 



1 mg. Pantothenic acid 

84 

70 

50 

22 

3 

None 

91 

49 

14 

9 


2 y jS-Alanine 

91 

77 

39 

21 


2 y dZ-a-Alanine 

91 

49 

17 

9 


2 y Thiamine chloride 

98 

59 

29 

12 


2 y Pyridosine hydrochloiide 

90 

49 

25 



2 y Nicotinic acid 

99 

55 

19 

10 


2 y dZ-Seiine 

91 

41 

14 

9 


2 y Glycine 

90 

44 

14 

9 


2 y d^■Th^eonine 

91 

56 

14 


4 

None 

83 

23 

3 

2 


2 y /5-Alanine 

83 

30 

30 

4 


2 y Inositol 

83 

27 

3 

2 


2 y Adenine sulfate 

81 ! 

2 

2 

2 


2 y p-Aminobenzoic acid 

88 

49 

8 

2 


2 y Biotin 

80 

8 

3 

2 


2 T Z-Tiy^tophan 

88 

26 

3 

2 


2 y dJrVsJine 

83 

23 

3 

2 


2 y l-Glutamic acid 

83 

33 

6 

2 

5 

None 

103 

36 

16 

8 


0.1 y Adenine sulfate 

101 

21 

14 

7 


0.5 y Adenine sulfate 

100 

17 

9 

6 


2 y Adenine sulfate 

104 

8 

6 

5 

6 

None 

101 

30 

8 

7 


10 y Cytosine 

104 

89 

12 

7 


10 y Adenine sulfate 

103 

7 

7 

7 


10 y Uracil 

103 

20 

7 

7 


10 y Guanine 

103 

23 

8 

8 


10 y Uric acid 

102 

35 

8 

8 


10 y Allantoin 

103 

20 

7 

7 
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to a considerable degree by small amounts of i^-alanine. Pantothenic 
acid similarly was efifective but pantoyl lactone was inactive. 

Several vitamins, amino acids and miscellaneous compounds were 
tested for their ability to antagonize the action of sodium propionate. 
Although some appeared to show a certain amount of activity, in those 
instances where it was observed, the compounds could be shown to 
stimulate the organism in the absence of sodium propionate. Separate 
experiments covering the entire growth period of Escherichia coli have 
shown that jS-alanine in an amount sufficient to give the maximal 
obtainable reversal of the sodium propionate effect did not influence 
growth in the absence of sodium propionate. 

Adenine sulfate and biotin were unique among the compounds 
tested in that they functioned synergistically with sodium propionate 
in inhibiting Escherichia coli. 

The comparative bacteriostatic activity of sodium acetate, pro- 
pionate and butyrate was studied. Sodium propionate was most effec- 
tive in inhibiting the growth of Escherichia coli in the basal medium 
employed. In the presence of /S-alanine, however, sodium propionate 
was no more toxic than its next higher or lower homologues (Fig, 1). 



Fig. 1 

The Influence of /S-Alanine on the Bacteriostatic Activity of Sodium 
Propionate, Acetate or Butyrate for Escherichia coli. 

Sodium propionate alone, sodium propionate plus i3-alanine, 

sodium acetate alone, • • • • sodium acetate plus j3-aJanine, sodium butyrate 

alone, • — sodium butyrate plus /3-alanine. 
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Apparently sodium propionate inhibits two mechanisms in Escherichia 
colif only one of which is concerned with /3-alanine. For this reason the 
concentration of sodium propionate could not be varied widely and it 
w^as necessary to deal \\ith amounts of the material that did not show 
the general inhibitory effect observed \\dth fatty acids. 

Further evidence in support of the thesis that sodium propionate 
owes its first inhibitory action on Escherichia coli in a purified medium 
to an interference with )5-alanine synthesis is illustrated by the infiuence 
of |8-alanine and pantoyl lactone on the sjmthesis of pantothenic acid 
by Escherichia coli in the medium described (Table II). WTiile the 


TABLE II 


Pantothenic Acid Synthesis by Escherichia coli 


Substrate Added, per 20 ml. Turbidity 

None 155 

1 mg. jS-Alanine 155 

1 mg. Pantoji lactone 154 

1 mg. jS-Alanine and 1 mg. Pantoyl lactone 164 


Pantothenic 
Acid in 7/ml. 
0.10 
0.64 
0.16 
3.3 


synthesis of pantothenic acid by Escherichia coli w^as stimulated in the 
presence of jS-alanine and pantoyl lactone, or jS-alanine alone, pantoyl 
lactone failed to infiuence significantly the synthesis of pantothenic 
acid. Thus, it appears that the limiting factor in the synthesis of 
pantothenic acid by Escherichia coli is the ability of the organism to 
produce /S-alanine and not the synthesis of pantoyl lactone or the 
mechanism involved in coupling the tw’o moieties. 

The inhibitory effect of sodium propionate could not be reversed by 
jS-alanine or increased by adenine with the following organisms: 
Aspergillus clavatuSj Bacillus suhtilis, Pseudomonas sp. and Trichophy- 
ton mentagrophytes. The reveraal of sodium propionate inhibition 
jS-alanine was, therefore, quite specific for Escherichia coli. 


Summary 

The bacteriostatic action of sodium propionate for Escherichia coli 
could be antagonized significantly by small amounts of the structurally 
related metabolite, jS-alanine. jS-Alanine was specific, among the amino 
acids and growth factors studied, in showing this effect. Adenine, and 
to a lesser extent biotin, functioned S 3 Tiergisticall 5 ’ with sodium pro- 
pionate in inhibiting growth of Escherichia coli. 
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Introduction 

There is evidence to indicate that a relationship exists between protein metabolism 
and B-vitamin requirements. Hartwell ( 1 , 2 ), Drummond et al (3, 4) and Lecoq 
(5, 6 ) recognized as early as 1928 that rats fed increasing amounts of protein grew 
poorly unless their intake of B-vitamins was increased. Later work by Kleiber and 
Jukes (7) showed that riboflavin was involved in nitrogen utilization as the nitrogen 
content of chicks deficient in riboflavin was found to be less than that of pair-fed 
controls. 

Sarett et al, ( 8 , 9) observed that the urinary excretion of riboflavin in dogs and rats 
showed an inverse relationship to the level of protein intake and that the riboflavin 
content of the liver was increased from 17 to 30 7 /g. when the level of protein in the 
diet was increased from 8 to 40%. XJnna et al. (10) showed that the ingestion by rats of 
an 8 % casein diet supplemented with 25 mg./day of dZ-methioninc tended to counter- 
act the decrease of riboflavin in the liver caused by the low protein intake, although 
methionine supplementation did not increase the riboflavin content of the liver to 
that observed when 18% casein was fed. The addition of 25 mg./day of i-cystine was 
without effect, although it did result in slightly better growth. Czaczkes and Guggen- 
heim ( 11 ) recently reported that the riboflavin content of the liver, kidney and muscle 
of rats was increased and that less riboflavin was excreted when the casein level of 
the diet was increased from 15 to 34%. These workers concluded, by analysis of the 
intestinal flora, that a greater synthesis of riboflavin occurred when rats were fed the 
low protein diet. 

In the present work a more detailed study of the effect of the protein 
level in the diet upon the riboflavin content of the liver has been under- 
taken. The possible effects of cystine and methionine supplements 
with each level of protein on the growth, riboflavin content of the liver, 

* Published with the approval of the Director of the Wisconsin Agricultural 
Experiment Station. 

Supported in part by a grant from the Wisconsin Alumni Research Foundation. 
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ribofla\in excretion, nitrogen balance, and the proximate composition 
of the liver have also been investigated to further clarify the inter- 
relationships of riboflavin and protein metabolism. 

Experimental 

In a preliminary experiment 18 weanling male rats (wt. 40-48 g.) of the Sprague- 
Dawley strain were fed diets containing 8, 18 and 50% casein, respectively, for 6 
weeks. The rations were prepared at weekly intervals, fed ad libitum and stored in the 
refrigerator when not in use. The composition of these rations (’B-8, B-18 and B-50) 
is shown in Table I. Two drops of a B vitamin supplement containing the following 
amounts of vitamins were fed daily: thiamine hydrochloride 25 7; riboflavin 30 7; 
niacin 25 ^ ; pyridoxine hydrochloride 25 7; calcium pantothenate 200 7 and choline 
10 mg. This technique was used in order to keep the riboflavin intake constant. Two 

TABLE I 

Composition of Rations ® and Food Consumption 


Ration^ 

Constituents, 

A\erage 
food con- 
Buniption*^ 

Sucrose 

Casein 

Methionine*’ 

UCi stme*- 




added 

total 

added 

total 

H (day 

B-8 

S3 

8 

0 

0 

0 


10.4 

M-8 

83 

7.6 

0.4 


0 


11.1 

C-8 

83 

7.8 

0 

0.3 

0.2 


11.4 

MC-8 

83 

7.4 

0.4 

0.7 

0.2 


11.2 

B-18 ' 

73 

18 

0 

0.6 

0 


14.3 

M-18 i 

73 

18 

0.4 


0 


14.7 

C-18 

73 

1 18 ; 

0 


0.2 

0.26 

15.2 

MC-18 

73 

1 17 

0.4 

1.0 

0.2 


15.5 

B-50 

41 

■■ 

0 

1.8 

0 


15.2 


41 

■■ 

0.4 

2.2 

0 


14.2 


41 

50 

0 

1.8 

0.2 

0.38 

15.0 

MC-50 

41 

49 

0.4 1 

2.2 

0.2 

0.38 

14.4 


» All diets contained 4% salts IV and 0 % com oil. Vitamins were fed by dropper as 
indicated in text. 

Designated B = basal, M = methionine, C = cystine; the number indicates the 
level of casein in the diet. 

« Based upon utilization of both d- and /-methionine by the rat and literature 
values for methionine and cystine in casein as summarized by Block and Bolling (23). 

^ Each figure represents an average of the food consumption for the last 2 weeks of 
the experiment (6 rats per group). 
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drops of Halivor oil were given per week. These supplements were stored in a dark- 
colored bottle in the refrigerator when not in use. 

Between the fourth and fifth weeks of the experiment, collections of the combined 
urine and fecal excretion were made in pyrex trays with sulfuric acid added as 
described by Schweigert et ah (12). The collections were homogenized in a Waring 
blendor, made to a total volume of 600 cc., and stored under toluene in the refrigerator 
in dark-colored bottles prior to assay. 

After withholding the vitamin supplement for 24 hours, the animals wore decapi- 
tated and allowed to bleed thoroughly. The livers were removed and 1 g. samples 



Fig. 1 

Growth Curves Obtained for Rats Fed Diets Containing Varying Levels of 
of Casein and Supplements of Methionine and Cystine 
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TABLE II 

Effect of ike Level of Protein in the Diet on the Riboflavin Content of the Livpr 
and the Riboflainn Excretion 


Diet 

Riboflavin in liver 7/g. 

Riboflavin Excretion 7/day 

Xo. p.ninfiftlfl 

Range 

Ave. 

No. ftTnmftla 

Range 

Ave. 

B-8 

3 

11.1-15.0 

13.7 

2 

18.5-22.6 

19.7 

B-8 

6 

14.1-16.2 

14.9 

3 

18.6-22.4 

20.3 

M-8 

5 

lS.8-20.4 

19.3 

3 

13.7-17.0 

15.1 

C-8 

6 

14.7-16.1 

15.4 

3 

19.8-23.2 

20.2 

MC-8 

6 

17.8-21.4 

19.0 

3 

14.6-17.0 

16.4 

B-18 

3 

22.7-22.7 

22.7 

2 

14.3-14.3 

14.3 

B-18 

6 

21.5-26.8 

23.2 

3 

15.3-16.6 

15.9 

M-18 

6 

20.4-29.3 

26.2 

3 

13.5-14.9 

13.8 

C-18 

6 

21.1-28.0 

25.1 i 

3 

15.3-15.9 

15.7 

MC-18 

6 

24.8-29.3 

26.2 

3 

13.3-17.2 

15.2 

B-50 

3 

27.8-31.7 

29.5 

2 

lS.4-24.1 

21.2 

B-50 

6 

24.2-33.7 

28.2 

3 

22.4-23.2 

22.9 

M~50 

6 

26.2-30.7 

28.3 

3 

19.5-22.0 

20.6 

C-50 

6 

27.0-30.5 

28.6 

3 

19.2-26.7 

21.9 

MC-50 

6 

21.4-25.4 

' 23.8 

3 

1 

20.0-21.8 ! 

21.0 


TABLE III 

Effect of the Casein^ Methionine and Cystine Intake on the 
Proximate Liver Composition » 


Diet 

Per cent Nitrogen | 

1 Per cent Fat 

i Per cent Moisture 

B-8 

2.45 

7.9 

67 

M-8 

2.32 

11.4 

65 

C-8 

2.06 

27.2 

54 

MC-8 

2,33 

9.9 

66 

B-18 

3.00 

1.0 

70 

M-18 

3.14 

2.2 

69 

C-18 

2.92 

2.8 

70 

:mc-18 

3.08 

1.6 

70 

B-50 

3.22 

1.8 

69 

M-50 

3.34 

2.5 

69 

C-60 

3.18 

1.6 

69 

MC-50 

3.39 

1.9 

69 


B Each figure represents the average of 2 determinations. Each determination was 
made on a composite of the livers from 3 rats as is indicated in the text. 
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were immediately weighed, homogenized with approximately 70 cc. of 0.1 N sulfuric 
acid and retained for riboflavin analysis. A fluorometric method, essentially that of 
Conner and Straub (13), with some modifications by Andrews (14, 15) was used for 
the riboflavin determinations. The results of the analyses are summarized in Table II. 

Since a marked difference was found in the level of riboflavin in the livers of the 
animals which received the thi’ee levels of protein in the diet, 72 Sprague-Dawley 
weanling male rats (wt. 38-48 g.) were used in a second experiment with 6 rats in a 
group. Three of the diets fed w’ere the same as the ones in the preceding experiment 
and served as controls. The effects of adding 40 mg. of d£-methionine and ^ mg. of 
Z-cystine/10 g. ration on the riboflavin content of the livei* were tested with each of 
the three diets which contained 8, 18 and 50% casein, respectively. The diets were 
designated with letters to indicate the amino acid supplement, and with numbers 
to indicate the level of protein fed: e.g,, B-8 for the 8% basal protein diet, M-18 for 
the 18% protein diet supplemented with methionine, C-50 for the 50% protein diet 
supplemented with cystine, etc. Vitamin supplements were fed as in the previous 
experiment. The composition of the rations and the food consumption for each group 
are summarized in Table I. The average rate of growth for each of the groups is 
presented in Fig. 1. 


TABLE IV 

The Effect of the Sulfur Amino Acids on the Nitrogen 
Utilization by the Rat ® 


Diet 

Average gain 
in weight 
g-/day 

[Methionine 
intake^ 
mg. /day 

Cystine 

intake^ 

mg./claj' 

N intake* N 
mg. /day 

Average 

excretion 

mg./day 

Per cent 
nitrogen 
ingestM in 
body gain<^ 

B-8 

1.0 

29 


117 

66 

42 

M-8 

1.7 

74 


125 

50 

60 

C-8 

1.9 

31 

26 

129 

52 

60 

hlC-S 

1.6 

73 

26 

127 

68 

46 

B-18 

3.5 

90 

9 

368 

215 

42 

IvI-18 

3.9 

150 

9 


201 

46 

C-18 

3.9 

94 

39 


244 

37 

MC-18 

3.7 

157 

39 

1 


199 1 

50 

B-50 

3.9 

266 

27 

1,080 

909 1 

16 

AI-50 

4.1 

305 

27 

1,010 

798 

21 

C-50 

4.1 

262 

57 

1,060 1 

819 

24 

MC-50 

3.4 

303 

53 

1,000 

1 

671 

33 


» All data represent an average of the food consumption by 6 rats in each group, 
excretion data are an average obtained with 3 rats. 

^ See footnote (c) Table I. 

« Calculated on the basis of 14.2% N in casein as obtained by the Kjeldahl method. 
(N intake — excreted)/N intake X 100; the nitrogen excreted was determined 
by the Kjeldahl method. 
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Colk'ctions of total urinary and fecal excretions were made from 3 rats of each 
group. These collections were made between the fifth and sixth weeks of the experi- 
ment for the first six groups, and between the sixth and seventh weeks for the last 
six groups. The samples were stored in the refrigerator prior to riboflavin and nitrogen 
analyses. 

Three rats of each group were sacrificed at the end of 6 weeks and the remaining rats 
at the end of 7 weeks. The livers were removed and suitable portions used for ribo- 
flavin analysis. The remaining portions of each of the 3 livers from each group of rats 
were pooled, dried at 105°C. and fat and nitrogen determinations made. The results 
of these analyses are shown in Tables II. Ill and IV. 

Discussion 

The rate of growth was increased 'when the 8% casein was supple- 
mented with, either cystine or methionine. However, when both were 
added somewhat slower gro'\\iih was obtained than when the single 
amino acid supplement was fed (Fig. 1). Only a slight increase in the 
gro*wth rate was noted when either of these amino acids was added to 
the 18% or 50% casein diet, although a retardation in growth was 
noted when both amino acids were supplemented to the latter level of 
casein. It should be pointed out that the methionine supplement with 
the 8% casein diet was adequate for normal growi;h requirements 
according to Rose (16 j. The increased rate of growth observed when 
the higher levels of protein were fed, therefore, indicates an insufficient 
supply of other amino acids or amino nitrogen per se. The slower rate 
of growi»h observed when both cystine and methionine '^^ere added to 
the 8% and 50% casein diets may be due to an imbalance of the 
ingested amino acids. 

The levels of riboflavin and nitrogen found in the liver were similar 
to those reported by Sarett and Perlzweig (9), Uima et al. (10) and 
Schweigert et ah (17, 18) when similar levels of protein and ribofla^dn 
were fed. Although Sarett and Perlzweig did not obtain any differences 
in ribofla'vin retention when different levels of this \itamin were fed, 
Schweigert et al, (17) and Czaezkes and Guggenheim (14) observed 
that the riboflavin content of the livers was increased when additional 
amounts of the vitamin were fed. It should be pointed out that Sarett 
and Perlzweig varied all the B \dtamins while the latter workers varied 
only the ribofla'vin intake. 

The amount of ribofla\dn excreted was slightly less than the amount 
ingested when rats were fed 8% and 50% protein and the greatest 
excretion occurred when they were fed 18% protein. Excretion of ribo- 
flavin did not follow the exact inverse relation to the protein level of 
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the diet that \\as reported by Sarett and Perlzweig (8j and Czaczkes 
and Guggenheim (11). These differences may be due to the fact that 
starch was fed as a source of carbohydrate by the latter workers; in 
the present work sucrose was used as the carbohydrate. Earlier work 
showed that the type of carbohydrate influences the amount of ribo- 
flavin excreted (12, 19). It would be interesting to know whether the 
increased intestinal synthesis reported by Czaczkes and Guggenheim 
with low protein diets was due to the increased intake of starch as rice 
flour. 

A progressive increase in the riboflavin content of the liver was 
observed when the protein level was increased. The greatest increase 
occurred when the protein level was increased from 8 to 18%. The 
supplementation of the diet containing 8% casein with methionine 
increased the riboflavin content of the livers from an average of 13.7 
to 19.3 7 /g. Although the ingestion of additional cystine resulted in an 
increased growth rate, it did not increase the riboflavin content of the 
liver. The addition of both methionine and cystine to the diet produced 
the same effect as methionine alone. These data show that the ingestion 
of methionine is necessary for the retention of riboflavin in the liver 
when rats are fed a low protein diet. The increased riboflavin retention 
that resulted when the high level of casein was fed was due, at least in 
part, to an increased level of methionine ingested, although other 
amino acids may have been involved. It is interesting to note that the 
amount of riboflavin in the livers was somewhat lovrer when animals 
received 50% casein plus both amino acids. The results obtained with 
methionine and cystine supplementation are essentially in agreement 
with those of Unna et al. (10^ although the differences in the riboflavin 
values observed in the present work were greater and occurred in a 
shorter period of methionine supplementation. Also, since the methion- 
ine and cystine were added at the expense of the protein, the nitrogen 
content of each diet remained approximately the same and the differ- 
ences produced could be ascribed more specifically to the amino acid 
added. 

The nitrogen content of the livers was increased by feeding larger 
amounts of casein in the diet. This is in confirmation of the work of 
Harrison and Long (20). These workers also reported that the inclusion 
of 2% dZ-methionine increased the amount of nitrogen in the liver. 
The smaller level of methionine added in the present experiment (0.4%) 
was without effect on the nitrogen content of the livers. 
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The effect of cystine, methionine and the level ot protein on the 
production of fatty livers is shown in Table III. In support of the 
results of many workers (for bibliography see McHenry and Patterson 
(21 J) it is clear that factors conducive to the production of fatty 
livers in these expeiiments were diets low in protein, particularly in 
methionine, and high in cystine* However, on an 8% protein diet the 
addition of methionine, the absence of additional cystine, and the in- 
clusion of 10 mg./day of choline and only 5% fat in the ration were not 
sufficient to prevent fatty livers. Possibly the inclusion of inositol in the 
rations would have played a part in preventing fatty livers since 
Handler (22) showed that this is a lipotopic factor under certain condi- 
tions when a low protein diet is fed. The presence of high levels of fat in 
the livers did not affect the riboflavin content. 

Supplementing the diets containing 8 or 18% casein with cystine or 
methionine had little effect on the total nitrogen excretion. However, 
W’hen both were added to the 50% casein diet the excretion of nitrogen 
ivas considerably less. An increased efficiency of nitrogen utilization 
also appears evident with methionine or cystine supplementation of the 
8% casein diets. The amount retained was not increased when both 
amino acids were added. However, the addition of these amino acids 
to the 50% protein diet resulted in an increased retention of nitrogen 
despite the fact that growth was retarded when this diet was fed. 

Preliminary data on the excretion of methionine and the amount in 
the liver indicate that further metabolic changes occurred when the 
MC~8 and MC-50 diets were ingested. In general, an increased intake 
of protein and methionine caused an increased excretion of methionine, 
and a slight increase in the percentage of methionine in the liver 
protein. These effects ^^ill be further investigated. 

We wish to express our thanks to Dr. D. K. OTeary of E. I. Du Pont and Com- 
pany, Wilmington, Delaware, for the dZ-methionine used in these studies; to Merck 
and Company, Rahway, New Jersey, for supplies of the ci^^stalline vitamins; and 
to Abbott Laboratories, North Chicago, for halibut liver oil. 

Summary 

1. In confirmation of previous work, an increase in the amount of 
protein ingested increased the riboflavin retention in the liver of the 
rat. When diets containing 8, 18 and 50% casein were ingested, the 
amount of ribofla'vdn in the liver increased from an average of 14 to 25 
and 29 -y/g. of liver, respectively. 
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2. About one-third of the increase in the riboflavin content caused 
by increased protein intake could be accounted for by the ingestion of 
increased amounts of methionine. None of the increase could be ac- 
counted for by the ingestion of increased amounts of cystine. 

3. The growth of rats receiving 8 % casein was increased with the 
additional intake of methionine or cystine. An increased intake of both 
methionine and cystine resulted in retarded growth when rats received 
8 or 50% casein, but not -with those recehdng 18% casein. 

4. The nitrogen content of the liver and the amount of nitrogen 
excreted were not appreciably influenced by methionine or cystine 
supplementation although both increased T\dth high protein intake. 
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Introduction 

The distribution of quinine between blood cells and plasma has been 
studied by several groups in the last few years. Grenfell, Bichardson, 
and Hewitt (1) reported that, in infected (P. lophurae) ducks treated 
with quinine, the ratio of intracellular to ejctracellular quinine con- 
centration is about 4 as compared to a ratio of about 1.6 in uninfected 
ducks. Similarly, Oldham et ctl. (2) adnainistered quinine to normal 
and to infected (P. gaUinaceum) chickens and found that the quinine 
concentration in the plasma and red cells was frequently higher in 
infected birds than in controls. These authors also pointed out that, 
whereas the ratio of the plasma to the erythrocytic quinine concentra- 
tion was relatively constant for normal birds, the ratio in infected birds 
was much more variable. 

In vitro studies on the distribution of quinine betw’een erythrocytes 
and a synthetic medium were carried out hy Silverman et d. (3). These 
investigators suspended washed blood cells from normal and infected 

'* The work described in this paper was done under a contract recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and the Univerrity of Chicago. It was reported to the Committee on 
Medical Research on May 15, 1944. 

t Previous papers in this series include: I. Silvbbuan, M., Cbithami., J., Tam- 
FBRBO, L. G., AND EvANS, E. A., Jb., J. Infectious Diseases 75, 212 (1944) ; II. Speck, 
J. F., AND Evans, E. A., Jn., J. Biol. Chem. 159, 71 (1945); III. Speck, J. F., and 
Evans, E. A., Je., J. Biol. Chem. 169, 83 (1945); IV. Cbithamd, J., and Evans, E. A., 
Jb., j. Infectious Diseases In Press (1946); V. Speck, J. F., Motiddbe, J. W., and 
Evans, E. A., Jb., J. Bid. Chem. In Press (1946); VI. Mouldeb, J. W.. and Evans, 
E. A., Jb., j. Bid. Chem. In Press (1946). 
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(P. gallmaceum) chickens in an inorganic medium containing glucose. 

This simple suspending solution vas substituted for plasma to reduce 

the number of variable factors present. It Avas found that the 

intracellular (I) . . . . . . . i i i „ 

TT"; — ;:=;r quinine distribution ratio of parasitized blood cells 

extracellular (E) 

was generallj" higher and more variable than the ratio found with 
normal cells. 

The purpose of the present investigation Avas to attempt determina- 
tion of the reason for these differences in quinine distribution in 
parasitized blood cell samples as compared to normal samples. It was 
hoped that the information thus obtained could be related to the anti- 
malarial actiAdty of the drug. The problem resolved itself into a study 
of the quinine distribution between blood cells and their suspending 
medium as a function of the folloAAmg variables: parasite number, 
parasite type, parasitic surface area, intracellular Avater content, pH 
of the medium, composition of the medium and atmosphere, concen- 
tration of the various iron-containing blood pigments, reticulocjdie 
count and the concentration of free protoporphyrin. 

It Avas observed that the pH of the medium exerts an effect in that, as 
the pH increases, the I/E quinine ratio also increases. (It is generally 
knoAvn, however, that high pH values favor penetration of basic drugs 
into cells.) Evidence AA^as also obtained shoAving that, AAuth constant 
pH, the concentration of blood pigments AAuthin the cells influences 
the quinine distribution. Moreover, it was ascertained that the higher 
quinine concentrations and I/E ratios found AAith many parasitized cell 
samples, as compared to controls, do not especially require the presence 
of the parasites, as these effects can also be observ^ed under circum- 
stances in Avhich parasites are absent. Our conclusions in this respect 
confirm those of Oldham et aL (2) w^ho worked AAuth anemic chickens. 
Finally, no direct correlation AA^as found to exist between the quinine 
distribution and any one of the variables studied. 


Matemals and Methods 
Source of Blood and Parasites 

Blood cells from normal, parasitized, or otherwise treated, adult white Leghorn 
chickens,* chiefly cocks, weighing approximately 1 k. were used in these experiments. 
When parasitized blood cells were required, blood was obtained from birds infected 


* The birds used in these experiments were supplied to us by Mr. William Cantrell 
of the Pepartment of Bacteriology and Parasitology to whom we are gratefiJ, 
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with P, galhnaceum, Strain 8- A, as designated hy the Committee on the Terminology' 
of Strains of Avian Malaria, of the American Society of Parasitologists. The infections 
were blood induced. Blood was drawn during the period of acute rise of infection on 
the third or fourth day after the infection of the bird or during the chronic period 
which follows the peak of infection. 

Preliminary Treatment of the Blood 

The saphenous vein of the chicken was pierced by a needle and blood smears were 
prepared for the study of the parasite distribution and the reticulocyte count. Blood 
was then withdrawn from the chicken by heart puncture ^vith the aid of a 20 cc. 
syTinge equipped with a No. 20 gauge needle and containing 1 ec. of a 10% solution 
of sodium citrate for each 10 cc. of blood to be drawn. 

The citrated blood was then diluted with one volume of Krebs’ calcium-free phos- 
phate saline of pH l.Ar'T.o (4) and centrifuged at 1000 r.p.m. for five minutes. The 
sedimented cells w'ere twice mere resuspended in 50 cc. portions of the same phospliate- 
saline solution and centrifuged. The cells w'ere finally resuspended in that volume of 
phosphate-saline solution w'hich would give a red cell count of about 2 X 10® cells/cu. 
mm. As previously reported (3), blood cells treated in this manner do not appear to 
suffer any apparent injury, as measured by their oxygen consumption as compared 
to that of the same cells, untreated and suspended in plasma. 


The Determination of the Quinine Distribution between 
the Red Cells and the Medium 


Unless otherwise specified, a control and a quinine-containing sample were prepared 
as follows for each experiment : 


Sample A 

Washed, oxygenated, blood cell suspension 2 volumes 
1% glucose solution in phosphate-saline 1 volume 

Phosphate-saline solution 1 volume 

4 X 10“ ® M quinine in phosphate saline — 


Sample B 
2 volumes 
1 volume 

1 volume 


The concentration of quinine in sample B approaches that found in the blood of 
chickens treated with therapeutically effective doses of quinine (2). 

The samples w'ere mixed in Erlenmeyer flasks of such capacity that the gaseous 
phase W'as from one to tw'o times that of the liquid phase. 

The two samples were then shaken in a water bath at 39°C. for 15 minutes, unless 
otherwise specified. Following this incubation period (w'hich w'as c.xperimentally found 
to be of sufficient length to establish equilibrium) the vessels were i*emoved from the 
bath and an aliquot of each sample was removed for a hematocrit determination. In 
the calculation of the cell volume and intracellular quinine concentration, the w'hite 
blood cells were included with, the red cells. Although the white cells normally take up 
considerably more quinine than do the red cells (6), it was found experimentally that 
essentially the same I/E quinine ratios were obtained whether the white cells were 
present or not. This was probably due to the fact that the number of white cells is 
relatively small compared with that of the red blood cells. Consequently, since it 
is difficult to separate white blood cells from parasitized red cells, the white cells were 
not removed in the experimental procedure employed. 
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The extracellular quinine concentration was determined by the analyaife of the clear 
supernatant fluid from the hematocrit determination. The total quinine concentration 
of the cell suspensions was always lO"® J/, but this was routinely checked by deter- 
mining the quinine concentration of an aliquot of the sample after the incubation 
period. The intracellular quinine concentration was calculated by difference from the 
values for the extracellular and the total quinine concentrations of the sample. The 
validity of this procedure has previously been checked by direct assay of the centri- 
fuged cells (3). It should be recognized that the values for intracellular quinine repre- 
sent all the quinine taken from the medium by the blood cells, whether it be absorbed 
or adsorbed or both. 

The fluorometric method of Brodie and Udenfriend (6) was emploj'ed for the 
estimation of quinine. Appropriate standard and blank solutions were prepared in 
addition to the experimental samples, and the comparisons were made in a Coleman 
photofluorometer with the aid of Bi S and PC-1 filters. The concentrations of quinine 
are expressed in moles/1, of supernatant fluid and moles 1. of red cells. The various 
other methods and procedures employed to study the factors under consideration in 
the different e-xperiments will be discussed when reference is made to them in the 
course of this repoi t. 


Experimental 

Parasite Number, Parasite Type, Parasitic Mass and Quinine Distribution 

Differential parasite and reticulocj’te counts ‘ were obtained from the blood smears 
which were prepared at the time of collection of the blood samples. The parasites 
were classified and the parasitic surface area was calculated by the method previously 
described f3). 

From the results of ropresentati%'e exporiments shown in Table I, it is clear that 
no direct relationship exists between any of these three factors — ^parasite number, 
parasite type and parasitic mass — and the distribution of quinine between the 
intracellular and extracellular phases. 

However, in some of these and succeeding e-xperiments it was observed that 
increased I/E quinine ratios were usually* obtained with samples possessing increased 
reticulocyte numbers. 

Intracellular Water Content and Quinine Distribution 

By vigorous centrifugation of the blood cell suspension after conclusion of the 
incubation period and removal of the last traces of supernatant fluid with blotting 
paper, it was possible to free the blood cell residue of supernatant fluid. The water 
content of the cells was determined by measuring the loss of weight of a portion of 
the blood cell residue after heating in a platinum crucible for about 16 hours at 101®C. 
The data were calculated on the assumption that the specific gra\dty of the cells 
was one. 

The experimental data indicate that no direct correlation exists between the 
intracellular water content and the quinine distribution (Table IIL 

We are indebted to IMrs. Jean Smith of the Department of Parasitology and 
Bacteriology of the University of Chicago for these measurements. 
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TABLE I 

Parasite Number, Parasite Type, Parasite Mass and Quinine Distribution 

Cells suspended in phosphate-saline, pH 7.4; 15 minute incubation at 39°C. 
Parasites classified as: small, S; intermediate, I; large, L. 

Type of infection: before peak, B; at peak, P; after peak, A; uninfected normal, X. 


Exp. 

no. 

infec- 

tion 

Paxasite distribution 

Reti- 
culo- 
cytes 
per cent 

R.B.a 

/cc. of 
sus- 
pension 

xio* 

Para- 

sitic 

surface 

area/ 

R.B.C. 

Quinine distribution 

S 

per 

cent 

I 

per 

cent 

L 

per 

cent 

R.B.C. 
infected 
per cent 

No. of 
parasites 
/10,000 
R.B.C. 

I 

Intra- 

cellular 

concen- 

tration 

MXIO'3 

E 

Extra- 

cellular 

concen- 

tration 

AfXl0-» 

I 

E 

sq. 

micra 

1 

P 

7 

90 

3 

95 

19,652 

2 

1.04 

24.2 

6.28 

2.28 

28 

2 

P 

3 

96 

1 

82 

15,680 

<1 

1.12 

18.9 

5.84 

2.25 

26 

3 

A 

4 

ESI 

6 

26 

3,846 

91 



6.10 

1.18 

52 

4 

A 

■1 

96 

4 

86 

19,753 

14 

0.95 

26.6 

6.01 

1.85 

32 

5 

A 

72 

mm 

8 

19 

Bil 

23 


1.35 

5.72 

2.00 

29 

6 

B 

8 

79 

13 



<1 


12.7 

4.91 

2.53 

20 

7 

B 

54 

43 

3 

46 

8,474 

<1 

0.96 

6.1 

5.93 

2.80 1 

21 

8 

P 

■El 

84 

6 

82 

15,161 

<1 

1.23 

19.8 

3.88 

1.64 

24 

9 

N 






<1 

EE3 



4.46 

13 

10 

N 






<1 

1.04 


5.09 

3.55 

14 

11 

N 






<1 

1.08 


5.27 

2.76 

19 

12 ) 

N 






<1 

1.07 


4.64 

3.60 

13 


pH of the Medium and Quinine Distribution 

After the incubation period in each experiment, the pH of each sample was deter- 
mined using a Coleman glass electrode. As shown in Table III and Pig. 1, the quinine 
distribution is greatly influenced by the pH of the medium. In general, as the pH 
increased from 7.0 and 8.0, the intracellular quinine concentration and the I/E 
quinine ratio increased. This is in accord with the generally accepted view that high 
pH values favor the penetration of weak bases into cells (7). Nevertheless, it is evident 
from the data of Table III that at the same pH, the intracellular quinine concentra- 
tion and the I/E quinine ratio are usually higher for parasitized cells than for normal 
cells. 


Composiiion of Medium and Atmosphere and Quinine Distribution 

To ascertain what effects changes in the medium and gaseous phase might have 
on the quinine distribution, several expeiiments were performed in which Krebs’ 
bicarbonate-saline solution (8) of the same pH was substituted for the usual phos- 
phate-saline solution. In other experiments oxygen was replaced by nitrogen in the 
gaseous phase. These changes effected no significant differences in the quinine 
distribution observed (Table IV). 
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for cyanmethemoglobin. As seen in Fig. 2, these points are at or near peaks of 
absorption. 

The blood cell samples were prepared for the spectrophotometric analysis as sug- 
gested by Dr. Dempsie B. jMoirison (12). For the hemoglobin determination, 1 cc. or 
less of the blood cell suspension was diluted to 25 cc. with water and, after standing 
several minutes, the laked sample was centrifuged.* Then 10 cc. of the clear super- 


TABLE IV 

Co?npo8ition of Medium and Atmosphere and Quinine Distribution 
15 minute incubation at 39®C. 


Exp. 

no. 

Type of blood sample 

Suspending medium 

Gaseous 

phase 

Quinine distnbution 

I 

Intra- 

cellular 

concen- 

tration 

jfxio-* 

ETtea- 
1 cellular 
concen- 
tration 
.T/X10-« 

I 

E 

1 

Parasitized 

Phosphate-saline, 

Oxygen 

3.65 

1.35 



(66% infected R.B.C.) 

pH 7.4 

Nitrogen 

3.54 

1.35 


2 

Normal 

Phosphate-saline, 

Oxygen 

3.46 

3.15 

11 



pH 7.4 

Nitrogen 

3.43 

2.98 

12 


Parasitized 

Phosphate-saline, 

Oxygen 

7.10 

2.93 

24 


(80% infected R.B.C.) 

pH 7.5 







Bicarbonate-saline, 

Oxygen 

6.32 

2.37 

27 


natant fluid were mixed with 0.5 cc. of 0.5^ potassium ferricyanide and allowed to 
stand for 20 minutes. The solution was then mixed with 0.6 cc. of 0.1 N sodium 
cyanide and the resulting solution of cyanmethemoglobin was ready for analysis. 

For the total pigment determination, 1 cc. or less of the suspension was added 
dropwise to about 22 cc. of acid acetone (2 cc. of cone. HCl/lOO cc. of acetone) with 
constant agitation of the fluid. The mixture was diluted to 25 cc. with acid acetone 
and centrifuged in tightly corked tubes. The supernatant fluid contmned the ferri- 
hemic acid and was the solution used for the analysis. 

The concentrations of both hemoglobin and the total iron-containing pigments 
were calculated for each wave length measured, by dividing the extinction value for 
the undiluted sample (log lo/I X dilution factor) by the extinction value for a con- 


* In later studies it was found advisable to add a cc. of 1 AT phosphate buffer, 
pH 7.4, to the laked sample to stabilize the pH at 7.4. It was found that at pHs 
below 7.4, lower hemoglobin values were obtained because partial precipitation of 
the hemo^obin occurred as its isoelectric point, pH 6.8, was approached. 
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Fig. 2 

Absorption Curves of Ferrihemic Acid and Cyanmethemoglobin 

Concentration of ferrihemic acid in acid acetone was 9.2 X 10~® M while the 
concentration of cyanmethemoglobin in water was 8.3 X 10”® M. The molarities 
are expressed in terms of the iron content. The normal blood cell suspension of Exp. 
18, Table V, was used in the preparation of these solutions. 
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centration of 1 miliimol/1. The concentrations are expressed in m3//l. where 1 m3/ 
indicates 1 millimol of porphyrin or iron, rather than 1 millimol of hemoglobin or 
ferrihemic acid. 

f I. • 'irn i5obser\"ed 

c (concentration in mj/d.i = ; — 

^ e(c = lnuV/l.) 

The € (c = 1 laMfi.) values for cyanmethemoglobin were 11.5 at X540, 11.5 at 
\ 545, and 11.3 at X 548 m^t. The 11.3 value was calculated from some of our data on 
the basis of the other two values which were published bj' Drabkin (11). The e ic 
= 1 m3//l.) values for ferrihemic acid were 11.3 at X olO, 11.3 at X 540, and 5.8 at 
X 640 mju. These values were obtained by the spectrophotometric analysis of six 
samples of normal blood cell suspensions for hemoglobin and total pigment. First 
the concentration of hemoglobin in each sample was determined by using the « (c = 1 
m3//l.) values for cyanmethemoglobin. Then, \sith the assumption that the conver&ion 
of hemoglobin into ferrihemic acid in acid acetone is quantitative, the e (c = 1 
m3//l.) values for ferrihemic acid were calculated from the E observed values. 

Hemoglobin has been found to be the only soluble pigment present in detect! ble 
amounts in laked parasitized (P. knowlesi) blood (10). It was assumed that a similar 
situation existed in chickens infected with P. gallinaceum. Consequently, the presence 
of any parasitic pigment (ferrihemic acid) in the blood cell suspensions used in these 
experiments did not compUcate the spectrophotometric determination of hemoglobin. 

The difference between the values for total iron-containing pigments and hemo- 
globin and its derivatives represfmteil the value for the free ferrihemic acid present 
in the cells. 

These experiments indicate that no direct rtdationship exists bctw(‘cn the quinine 
distribution and cither the free ferrihemic acid or hemoglobin concentration (Table 
V). However, there is some correlation between the total iron-containing pigments 
and the intracellular quinine concentration as shown in the calculation of the ratio 
of intracellular quinine concentration to the total pigment concentration. This ratio 
was found to be lower for normal cells than for parasitized cells. Since the variations in 
the intracellular total pigment concentration were observed to be relatively small, 
it seemed that the relative constancy of the above mentioned ratio might have been 
more apparent than real. The hemoglobin and total pigment concentrations in our 
system could be varied by changing the concentration of red cells present. Such a 
study has already been reported by Silverman et al. (3) who showed that, with a 
constant amount of quinine, as the red cell concentration increased, both the intra- 
cellular and extracellular quinine concentrations decreased while the I/E quinine 
ratio remained relatively constant. The changes in the quinine concentrations, how- 
ever, were not directly proportional to the changes of the red cell concentration. To 
test whether the presence of ferrihemic acid and hemoglobin does influence the 
quinine distribution, the following experiments were performed. Crystalline hemin 
dissolved in phosphate-saline on the one hand, and hemoglobin in the form of a 
solution of laked blood cells in phosphate-saline on the other, were added in varying 
amounts to the normal red cell suspensions. It was found (Table VI) that as the 
extracellular hemin concentration increased from 0 to 1.5 X 10^ 3/, the I/E quinine 
ratio decreased from 15.4 to 7.6. The extracellular concentrations of hemin employed 
in these experiments were smaller than the intracellular concentrations of malarial 



Concent! ation of Iiw-Coniaining Pigments and Quinine Distribution 
Cells suspended in phosphate saline, pH 7.4; 15 minute incubation at 30®C. 

In every case Iheie weie 1.0 X 10® R.B.C./ce. of suspension. 
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^ The average value of the 5 nonnal samples (Exp. no. 16-20) was 3.2 X 10“ *. 
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pigment (terrihemic acid) found in manj' para'sitized blood samplea. WTitin larger 
concentrations of hemin w'ere used, a considerable portion of it would precipitate 
under our experimental conditions. The addition of the hemoglobin solution to the 
red cell suspension had a similar effect to that of hemin (Table VII). As the extra- 
cellular hemoglobin concentration increased from 0 to 2.7 X M to 5.4 X 10~^ 
J/, the I/E quinine ratio changed from 15 to 12 to 10. The intracellular hemoglobin 
concentration in the blood cell sample ust^d was about 13 X 10”* M. Wliether hemo- 
globin bound in the red cells and ierrihemic acid present as malarial pigment in 
parasitized led cells behave in the same fashion as they did dLssolved in the extra- 
(‘ellular phase cannot ht* concluded from these experiment.^. 

TABLE \T 

Effuct of Added Hemin on Quinine Diidribuiion 
Xormal blood cells suspended in phosphate saline, pH 7.4; 15 minute incutiarion 
at 39“C. 

Experiment 1: A — ^no hemin solution added; B, C and D received 1 cc., 2 cc. and 4 
cc., respectively, of a saturated hemin solution. In each case there was 8.26 X 10® 
R.B.C. suspended in a final total volume of 8 cc. The hemin was dissolved in 
phosphate-saline at pH 8.4. 

Experiment 2: A — no hemin suspension added; B and C received 2 cc. and 4 cc., 
respectively, of hemin suspension. In each case there was 7.32 X 10’ R.B.C. 
suspension contained 4 X 10“* M hemin in phosphate-saline at pH 7.6. 



Intracellular 

H 

Extracellular 
concentration 
of total 
pigments 
J/X10-* 

Quinine distribution 



K-coatrol E 
H-eontrol H 

X10-- 

Exp 

uo. 

concentration 
of total 
pigments 

sfxio-^ 

I 

Intracellular 

concentration 

j/xio--* 

E 

Extracellular 

concentration 

I 

E 

n 

xio--' 

lA 

12.7 

0.55 

5.22 

3.40 

1 

16.4 1 

6.2 



IB 

13.2 

0.61 

5.20 

3.54 

14.7 1 

5.8 1 

2.3 

1C 

13.1 

1.02 

4.61 

4.31 

10.7 , 

4.2 ! 

1.9 

ID 

13.3 

1,55 

3.88 

5.14 

7.6 1 

3.3 i 

j 

1.7 

2A 

1 13.7 


1 

5-75 

, 3.S0 1 

, 15.1 1 

17.2 



2B 

' 11.7 

8.65 

2.75 

6.99 1 

i 3.9 ‘ 

0.8 ; 

0.4 

2C' 

' 14.2 

1 

14.1 

1 

, 6.76 ' 

4.1 

0.5 * 

! 

0.2 


Heticalocyte Counts, Concentration of Free Frotoporphifi in and the Quint ne 

Distribution 

Since, as previously mentioned, high I/E quinine ratios were found in parasitized 

blood samples possessing high reticulocyte counts and since the 

ratio was observ-ed to be greater for parasitized than for normal blood samples, it 
was decided to study the quinine distribution in the blood from normal chickens 
treated with phenylhydrazine to increase their reticulocyte counts. The puipose of 
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thib study was to determine whether uninfected blood cell bamples with high reticu- 
locyte numbers showed ^ ratios comparable to those found with 

total pigment ^ 

parasitized samples. 

The phen^^lhydrazine w’as injected intravenously in the form of solution of the 
hydrochloride in sterile saline. The dosage administered was 30 mg, of phenylhydra- 
zine hydrochloridc/kg. body w’eight as recommended by Wright and Van Alstyne (13). 
Usually 2 or 3 days w’erc allowed to elapse after the injection before the next sample 
of blood W’as withdrawn. The i-esults of these studies are showm in Fig. 3. 

TABLE VII 

Effict of Adthd Hemoglohm on Quuunc DiMribufion 
Xormal blo^xl cells susiiondod in phosphate saline, pll 7.4; 15 minute incubation at 
30 °('. 

A-“no hemoglf>l>in solution added; B and C recoiveil 2 re. and 1 respect ivi‘ly, of 
hemoglobin solution. In each case there were 8.26 X 10’ R.B.C. suspended in a 
final total volume of 8 ce. The hemoglobin solution (‘onsisted of laked R.B.C\ in 
pliasphat (‘-saline; 1 cc. of this solution was equivalent to 0.62 X 10’ R.B.C. 



Intracellular 
concentration 
of hemoglobin 
»‘3fX10-5 

G 

Exti acellular 
concentration 
of hemoglobin 

Quinine distribution 

E 

G 

XlO-2 

E-control E 

I 

Intracellular 

concentration 

ArX10“» 

1 

E 

Evti acellular 
concentration i 
-’i/xio-** 1 

I 

E 

G*control G 

A 

"-14.3 1 

1 0.12 

6.50 

4.31 1 

15.0 

36.0 

— 

B 1 

! 13.0 1 

1 2.73 


4.64 ; 

12.3 i 

1.70 


C ' 

' 11.8 1 

5.35 

5.17 

5.03 

10.3 




’ Expressed in terms of moles of iron. 

“ The diff(‘rences in intracellular concentration of hemoglobin can be explained 
on the basis of cell volume. The cell volumes of B and C w’en* found to be 9^ and 17%, 
respectively, greater than the coll volume of A. 

In this sc'ries of experiments, the free protopoiphyrin content of the cells w^as 
determined by the method of Grinstein and Watson (14) modified in two respects; 
(1) As suggested by Dr. Samuel Schwartz, the protoporphyrin w’as extracted from the 
ceils by grinding them wdth the solvent in a fritted glass funnel with the aid of a 
pestle, and (2) the absorption of the protoporphyrin solutions was measured in a 
Beckman spectrophotometer. Since the absorption spectmm of protoporphyrin in 5% 
hydrochloric acid w’as found to have a strong peak at a wave length of 406-407 mjit 
and a much weaker one at 555 mfi (Fig. 4), the spectrophotometric readings were made 
at the former wave length. A standard curve for the absorption of protoporphyrin 
at a w’ave length of 406 mju was obtained by using various ciilutions of a hydrolyzed 
sample of the crj^stalline methyl ester of protopoiphyrin (Fig. 5). This curve was 
used in the determination of the protoporphjTin concentrations. The crystalline 
methyl ester of protoporphyrin was kindly supplied by Dr. Samuel Schw^artz. 
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Fig. 3 

The Effect of Intravenous Injection of Phenylhydrazine into a Normal Chicken 
upon the Reticulocjrte Number, the I/E Quinine Ratio and the Cellular 
Concentration of Protoporphyrin, Total Iron-Containing Rgments 
and Quinine 


The arrows indicate the days on which 30 mg. of phenylhydrazine hydrochloride 
(1% in saline) /kg. body weight were injected. The bird died on the eighth day fol- 
lowing a third injection of phenylhydrazine. 
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Fig. 4 

Absorption Curves of Protoporphyrin 

The protoporphyrin was obtained by hydrolyzing its ciystaUine dimethyl ester for 
16 hours at 5®C. with 25% HQ. The spectrophotometric determinations were made 
in 5% HQ. 


As shown in Fig. 5, the changes which occurred in the I/E quinine ratio, following 
the administration of the phenylhydrazine to the chickens, paralleled more closely 
the changes in cellular protoporphyrin concentration than they did those in reti- 
culocj^te numbers or cellulau: iron pigment concentration. 
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Fig. 5 

Standard Absorption Curve of Protoporphyrin 


As Seggel (.15) originally reported and as Watson and his coworkers (16) have 
recently confirmed, the protoporphjTin in the blood stream apparently exists in the 
‘'fiuorescj^tes.” These immature red cells, which give- a red fluoicsccnce in ultra- 
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violet light, appear in the blood '5tr(‘am shortly after reticulocyte:^ occur in increased 
numbers. Consequentlj^ it seemed to us that perhaps the previously undetermined 
protoporph>Tin, probably present m many of the highly parasitized blood samples, 
might account for the differences found in the ratios of the intracellular quinine 
concentration di\dded by the total pigment concentration. 

From the results in Table VIII it is seen that, even in non-parasitized chicken blood, 
the I/E quinine ratio inci-eases when the reticulocyte numbers also increase. Further- 
more, in sample.s with high reticulocyte counts, there usually existed an increased 

TABLE VIII 

Reticulocyte Counts, Free Protoporphyrin and Quinine Distribution 
Cells suspended in phosphate .saline, pH 7.4; 15 minute incubation at 39®C. 

In every case there were l.O d= 0.2 X 10® R.B.C./cc. of suspension. 




Reticu- 
locj’te 
count 
per cent 
of 

R.B.C. 

Px 

Intracellular 
concentiation 
of free proto- 
porphyrin 
.i/xio-** 

H. 

Intracellular 
concentration 
of total 
pigment 
.T/XIO'J 

Quinine di»^tribution 

I 

P. 

I 

Hx 

XlO-3 

Exp. 

no. 

Tyi^e of 
iniet'tion 

I 

Intracellular 

concentration 

j/xio--* 

E 

Extracellular 

concentration 

3/X10-'‘ 

I 

E 

1 

P (86) 

3 

6.02 


7.82 


30 

13.0 

7.36 

2 

A (29) 

61 

14.9 

8.9 

5.59 


56 

3.7 

6.3 

3 

B (60) 

6 


13.4 

7.15 

2.42 

30 

34.2 

6.4 

4 

B (51) 

<1 


14.2 

5.03 

2.33 

22 

47.5 

3.5 

5 


38 

0,15 

12.2 

6.90 

2.09 

33 

13.4 

5.7 

6 

A (23) 

72 ! 

8.24 

9.8 

5.95 

1.50 

40 

7.2 

6.1 

^ 1 

A ( 0) 

1 24 

7.11 


4.33 

0.83 

53 

6.1 

3.7 

8 

A (22) 

1 44 

6,44 

11.3 

5.58 

1.41 

Etl 

8.7! 

5.0 

9 ! 

A ( 0) 

65 

6.42 

11.2 

5.58 

0.99 

56 

8.7 

5.0 

m 

X 

1 <1 

2.02 

15.3 

5.02 

3.27 

15 

24.8 

3.3 

11 

X 

' <1 

1.80 

16.2 

6.09 


17 

33.8 

3.8 

12 

N 

' <1 

1.47 


5.88 

3.59 

16 


3.9 

13 

N 

1 


13.8 

5.92 1 

2.97 

mm 

56.8 

4.3 

14 

X 



13.5 

5.72 

3.37 

17 

64.3 

4.2 

15 

X 

' <1 

1.15 

15.7 

5.33 

2.93 

IS 

46.4 

3.4 

16 

X 

1 <l 

1 

1.55 

15.4 

4.96 i 

3.60 

14 


3.2 


protoporphyrin content, not. however, in direct proportion to the reticulocyte num- 
ber. The results also indicate that, in every instance in which the normal I/E quinine 
ratio was exceeded, the protoporphyrin concentration was likewise found to be 
higher than normal. However, the increase in protoporphyrin content of these ceils 
w^as not directly proportional to the increase in quinine. 

To establish whether or not protoporphyrin actually is capable of altering the 
quinine distribution, protoporphyrin was added in varying amounts to our experi- 
mental system. The protoporphyrin used was prepared from hemin by the method 
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of Fischer and Putzer (17? and w'as purified as suggested by Grinstein and Watson 
(18). 

The results of this experiment (Table IX) show that the addition of protoporphynn 
had no effect on the quimne distribution. It may be noted that a considerable portion 
of the added protoporphyrin was no longer detectible such and had probably 
been eonv^erted into a combined form. 

TABLE IX 

Effect of Added Piotoporphipin on Quinine Distn'butioii 
Xormal blood eelk suspended in phosphate-saline, pH 7.4: lo minute incubation at 
39®C. 

In each case there were 12.0 X 10* R.B.C. suspended in a final total volume of 12 cc. 
The protoporphyrin was dissolved in phosphate-saline at pH 7,5. 


Added 

protoporphynn 

Mcq.XlO-* 

1 

Intracellular 
concentration of 
protoporphy n n 

1 

1 

1 

Extracellular 
concentration of 
protoporphynn 

1 

1 

Quinioe distribution 

I 

Intracellular 
concentration 
.UX10-* j 

E 

Extracellular 

concentration 

jferxio-® 

I 

E 

0 

1.39 


5.19 

3.96 

mi 

10.7 

2.06 


5.61 

3.89 

19 

21.4 

2.83 

0.307 

5.79 

4.02 

m 


Discussion 

It is clear from the experiments of Oldham et al, (2), as well as from 
our own data, that the presence of the malaria parasite is not necessar}' 
for an increased intracellular concentration of quinine. However, this 
does not preclude the possibility' that such an increased intracellular 
concentration of the drug is associated with the efficiency of its thera- 
peutic action. 

WTiile it is evident that the quinine distribution can be modified by 
changes in pH of the suspending medium, and presumably of the 
intracellular contents, and is also affected by the concentrations of 
hemoglobin and the pigment resulting from its degradation (these being 
properties of the eiythrocyte which are modified by the presence of 
the parasite), there is no direct relationship between any one of these 
factors and the intracellular concentration of quinine. Furthermore, it 
is not possible to state whether the unknowm factor or factors re- 
sponsible for the increased intracellular quinine concentration found in 
blood samples with high reticulocyte numbers are also involved in the 
case of parasitized cells. 
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Summary 

1. In an experimental system consisting of normal and parasitized 
(Plasmodium gallinaceum) blood cells suspended in a phosphate-saline 

, ^ , ..1 , intracellular . . . . , 

solution fortified with glucose, the — —“I — qmmne ratio found 

extracellular 

*vnth the parasitized samples usually exceeded that found with normal 
cells. This increased ratio was found not to be correlated with the 
parasitic type, the parasitic number or the parasitic surface area of the 
sample used. Nor was it related to the intracellular water content of 
the cells. 

2. Changes in the composition of the suspending medium or the 
atmosphere also had no significant effect on the quinine distribution. 

3. The pH of the medium apparently had the general effect of in- 
fluencing the permeability of the cell membrane as, at the higher pH 
values, more quinine entered the cells. However, at the same pH the 
parasitized cells contained more quinine than did the normal cells. 

4. There existed no direct relationship between any one of the blood 
pigments and the quinine distribution. However, both ferrihemic acid 
and, to a lesser extent, hemoglobin can alter the degree to which 
quinine enters the cell and, therefore, they very probably play an im- 
portant role in the distribution of quinine between the cellular and 
extracellular components of our system. 

^ , intracellular , . .. . , ^ i 

5. The increased — ; qmmne ratio is always found associ- 

extracellular 

ated with a higher than normal reticulocyte count but is not directly 
proportional to this factor. 
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The Ultraviolet Absorption of the Plasma Proteins 
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Inteoduotion 

The fiitst study of the uUravioIol absorption of proteins and aniiiio acids ap- 
parently was made by DhC'r('‘ (1) in 1909. He showed tluii the stdeetive absorption 
l)y proteins in the region of 2500-3000 A was (iu(‘ to the aromatic amino acids ph(‘nyl- 
alanin(‘, tyrosim* and tryptophane. Sin(‘e that time' tlu'se obw'rvations have been 
veiified l)y several investigators (2, 3, 1). It was later shown by (Irdh and Ilaniik (5) 
and Holiday (0, 7) that th(‘ absorption of the proteins at. 2800 A could Iw accounted 
for by th(‘ir tyrosin(‘ and tryptophane contents. This means that the molecular ex- 
tinction eoidlicients of tyrosiiu* and tryptophane are only slightly altered when t.heir 
amino and carboxyl groups are tied into peptide linkages. Barkdoll and Ross (8) 
have recently shown that tyrosine, tyrosyltyrosine and tyro8yltyrosylt.yrosinc have 
approxiinatidy the same absorption per unit weight. Homo lx.diovc that absorption of 
proteins for wav(* k'ngths lx*low 2400 A is due to tlu' p(»ptide linkage (9). However, 
this is prol)ably not fh(‘ caw sinec^ biuret has only a very small absorption in that 
rt'gion. 

Home workem hold that acid does not change tlu» absorption of amino acids and 
proteins at 2800 A (9). Strictly speaking, however, this is not tnie. As the pH of the 
solution is decreased, the maximum absorption shifts to short (‘r wave lengths. 

Alkali brings about profound changes in the alworption of prot(4n in the region 
2400-3300 A. Th(‘ change may lx‘ explained partly by the ionization of the phenolic 
group of tyrosin<‘ (10, 11). Us(i has been made of tlw' shift in tyrosine absorption in 
alkali to delermine the eonetmtration of both ti 7 ptophau(‘ and tynisine in a number 
of prot(‘ins (12). ''J'his was i)osHiblo lM‘cauH() the absorption of tryptophane is only 
slightly ehang(‘d by alkali. Th(‘ absorption of I he di.ssoeial.ed and undiss(>ciat(‘d form.s 
of the ph<‘n<)lie group (of tyrosine) are independent of each other (3). Grwml)crg (9) 
has shown that, while the absorption of proteins is different in acids and in alkalis, 
h(»at denaturation does not appreciably alter the absorption. Enzymatic hydrolysis 
does not appR^dably change the extinction eoe^fiicients of proteins at 2800 A, 

Rt^cently plasma proUnns have boon separated on a large scale into five major 
fractions of known composition (13, 14). Each major fraction was divided into sub- 
fractions. lOlectrophoretic analy.s(‘s wei’c made on the pn^paration to <letermine the 
<lislribiition of the various proteins. 
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In this paper a preliminary report of the ultraviolet absorption of 
some of these protein fractions is given.^ Time did not permit a more 
detailed investigation, but the data obtained appeared to be of suffi- 
cient worth to merit publication. 

Experimental Methods 

All measurements were made with a Beckman quartz spectrophotometer with a 
hydrogen discharge tube and quartz cuvettes 1.00 cm. in thickness. Density readings 
were made every 25 A except where maxima or minima occurred, in which case 
readings were made every 10 A. The concentration of the solute was adjusted so that 
the densities of the solutions varied from 0.09 to 0.85. 

Extinction coefficients were determined by the Beer-Lambert equation. 



where E is the extinction coefficient, log Jo// the density, c the concentration, and d 
the depth of the cell. When c is given in grams per 100 ml. and d equals 1 cm., the 
extinction coefficient is expressed as , When c is given in molarity, the molecular 
extinction coefficient is obtained. 

Absorption Spectra of the Plasma Protein Fractions. With the exception of Fraction 
V, 25 mg, portions of the plasma protein fractions were dissolved in 0.01 N HCl and 
0.01 N NaOH. Fraction V was treated in a similar manner, but 35 mg. were used. 
The final volumes were 50 ml. 

The protein concentrations of the solutions were calculated from the nitrogen 
content by using the factor 6.25, Total nitrogen determinations were made by using 
the micro-Kjeldahl method described by Ma and Zuazaga (16). The final protein 
concentrations in mg,-% were Fraction 1, 41.4; Fraction II-l, 46.4; Fraction II + Til, 
35.9; Fraction IV-l, 33.3; Fraction IV-3, 4, 38.8; and Fraction V, 64.6. The blanks 
were cither 0.01 N HCl or 0.01 N NaOII solutions, depending upon whether the 
protein solutions wore acid or alkaline. 

Absorptioyi Spectra of the Aromatic Amino Acids. In these experiments Eastman 
/-tryptophane, dZ-phenylalanine, IToffmann-Tja Roche /-dopa, and University of 
California /-tyrosine were used. All of the compounds were dried at 105®C. for 2*1 
hours. All of the compounds were dissolved in 0.0 1 N IICl. The conasitrations of 
the final solutions in mg.-% were /-tryptophane, 2; /-tyrosine, 0; /-dopa, 4; d/-phcnyl- 
alanine, 50. All of the blanks were 0.01 N IICl solutions. 


1 The plasma products employed in this work were developed from blood, collected 
by the American Red Cross, by the Department of Physical Chemistry, Harvard 
Medical School, Boston, Massachusetts, under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and 
Development and Harvard University. 
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DiscTOfliON OF Experimental Data 

The ultraviolet absorption spectra of six plasma protein fractions 
were determined near pH 2 and 10. Below is a list of the compositions 
of the various fractions. The absorption curves for the fractions are 
ftiven in Figs. 1, 2, 3, 4, 6 and 6. 

Fraction 1 60% fibrinogen 

19 j8-globulin 
12 7-globulin 

5 a-globulin 
5 albumin 

Fraction II-1 98% 7-globulin 

1 /^-globulin 

1 albumin 

pZws small amounts of cholesterol and phospholipids 

Fraction II -f- III 38% jS-globulin 
37 7-globulin 
11 a-globuhn 
10 fibrinogen 
4 albumin 

plus 2/3 of the plasma cholesterol, carotinoids, phospholipids, Rh anti- 
bodies, isohemagglutinins and prothrombin 

Fraction IV-1 39% albumin 

29 ai-globulin 
22 a2-globulin 
8 j3-globulin 

2 7 -globulin 

plus cholesterol and phospholipids, other lipids 

Fraction lV-3, 1 39% /Si-globulin 
2 /32-glubulin 
1 6 ai-globulin 

22 as-globuliu 

20 albumin 

1 7-globulin 

plus hypertensinogen and the thyrotropic hormones 

Fraction V 99% albumin 
1 a-globulin 



tcm 
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Fig 1 

Vbsoiptioii bpectia ot Fi action I at 
pll 2 and pH 10 


Fig 2 

\.bsoiption SpetUa of Fi action II-l at 
pH 2 and pH 10 



Fig 3 Fig 4 

Vbsoiption bpectia ot Fraction II Absorption Spectra ot Fi action IV- 1 \i 

HI at pH 2 and pH 10 pH 2 and pH 10 



2400 2000 2000 3000 A 

Fig 5 

Absoiption Spectra ot Fi action IV-3 4 
at pH 2 and pH 10 



2400 2600 2800 3000 A 

Fig 6 

Absorption Spectra of Fraction V at 
pll 2 and pH 10 
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It \vill be noted that Fractions I, II + III, IVA and IV-3, 4 contain 
some albumin and 7-globulin. However, since the ultra\iolet absorp- 
tions of albumin and 7-globulin were obtained from highly purified 
preparations, it should be possilfie to calculate the various absorptions 
of Fractions I, II + III, IV-1 and IV-3, 4 as if they vere free from 
albumin and 7-globulin. In addition, it seemed possible to make a 
slight improvement in the absoi'ption values for albumin by assuming 
that the “impurities” of Fraction V was due to Fraction IV-1 (the 
fraction with the greatest amount of a-globulin). The teim “Recal- 
culated Fraction” is given to a fraction when the albumin and 7- 
globulin have been removed by calculation. The compositions of the 
‘‘Recalculated Fractions” arc given below. Fig. 7 shows the abbori)tion 
curves of albumin (Recalculated Fraction V), 7-globulin, and fibrinogen 
(Re(*alciilated Fraction I). The absorption curves of Ihe remaining 
“Recalculated Fractions” are given in Fig. 8. 


Recalculated Fraction I 72% fibrinogen 

22 j8-globulin 
() a-globulin 

Fraction II-l 98% 7-globulin 

1 albumin 
1 /3-globulin 


Recalculated Fraction II + III 64% )5-globulin 

19 a-globulin 
17 fibrinogen 

Rc(‘alculated Fraction IV-1 49% ai-globulin 

37 Q:2-globulin 
14 /3-globulin 

Recalculated Fraction IV-3, 4 49<'c iSi-globulin 

3 /S2-globulin 

20 cKi-globulin 
28 Q:2-globulin 


Recalculated Fraction Y 100% albumin 


The calculations for the absorption of the “Recalculated Fractions” 
may not be valid because a-, /3- and 7-globulins and albumin are each 
made up of two or more proteins. This means that the various prep- 



422 


AAKON BUXSUN LE17XEK AXD CYlllS P. BARXVM 



Abborptioii Spcctium of -y-Globulin and Recalculated Abssorption Spectrum 
Curves of Albumin and Fibrinogen at pH 2 



2400 2600 2800 3000 3200 I 


Fig. 8 

Recalculated Absorption Spectrum Curves of Fraction II -f III, IV- 1, 
and IV-3, 4 at pH 3 
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a rations probably contain different albumins and 7 -globulins. The 7 - 
globulin preparation used here is mainly pseudoglobulin, and there are 
indications that differences exist between the 7 -euglobulin and pseudo- 
globulin (14). Therefore, it is possible that one cannot assume that all 
of the albumin in the various fractions has an absorption maximum 
of 5.11 and the 7 -globulin a maximum of 13.9. 

One should be careful in making any additional calculations to deter- 
mine the absorptions of the a- and jS-globulins. However, it appears 
that the absorption of these two globulin groups is different. Fig. 8 
shows the absorption curves for various mixtures of a- and iS-globulins. 
It must be noted that Fraction IV-3, 4 had a yellowish green color, 
and it was not possible to determine whether or not the coloring 
substance had an appreciable ultraviolet absorption. 

Theoretical Absorption Values. If the ultra\doIet absorption of pro- 
teins in the region 2400-'3300 A is due to the tyrosine and tryptophane 
in the protein molecule, it should be possible to calculate the absorption 
of a protein from values of the tyrosine and tryptophane content and 
the absorption of these amino acids. By using the data of Brand, 
Kassell and Saidel (15) on the amino acid compositions of some of 
these fractions, along with the absorption values of tyrosine and 
tryptophane shown in Fig. 9, the absorption maxima of some of the 
preparations in acid solution were calculated. The results are given 
in Table I. 

It is obvious that the calculated and observed absorption values for 
albumin and 7 -globulin are in close agreement. The calculated absorp- 
tion value for fibrinogen was less than that observed, but part of this 

TABLE I 


Protein 

Per cent 
TjTosine 

Per cent 
Tij’ptophane 

Bjcm <“‘0) 

2775 A; pH 2 

Cffl. 

2775 A: pH 2 

Albumin 

4.66 

0.19 


5.11 

7 -Globulin 

6.75 

2.86 


13.88 

Fibrinogen 

5.75 

3.29 


14.85 (72% 

/3-Globulin concentrate" 

5.60 

2.06 

10.12 

fibrinogen) 


** /3-GlobuIin concentrate: 62% i3-globulin 
11 a-globulin 
27 7 -gIobulin 
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eould be explained on the basis that the observed value was obtained 
from a not too pure fibrinogen preparation. The calculated absorption 
of a jS-globulin concentrate indicates that jS-globulin has the smallest 
absorption of the globulins. 

Before it can be shown that tyrosine and tiy^Dtophane account for 
the absorption of proteins in the region 2400--3300 A lurther investiga- 
tions at a series of different pH values would have to be made. 



Fig. 9 

Absorption Spectra ot Tiyptophane, Dopa, Tyrosine and Phenylalanine at pll 2 

Molecular Extinction Coefficients, Until now the molecular extinction 
coeflBicients of proteins could not be calculated because the values of 
molecular weights and ultraviolet absorptions of proteins were not 
known with accuracy. However, by using the values given by Cohn 
et al. (14) on the molecular weights of the purified albumin and 7 - 
globulin it is possible to calculate the molecular extinction coefficients 
in acid solution. The values obtained are given in the following table. 

Molecular extinction coefficients 2775 A; pH 2 
Albumin 35,200 

7 -Globulin 216,000 
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SUMM VRV 

The ultraviolet absorption curves of plasma protein fractions of 
known composition were obtained for acid and alkaline solutions. While 
the absorptions of the globulin fractions were somewhat similar, the 
albumin fraction was much lower. 

Calculations were made to eliminate the albumin and 7-globulin 
absorption components in order to obtain curves for mixtures of fibrino- 
gen and a- and jS-globulins. 

The ultraviolet absorption spectra for tiyptophane, dopa, tyrosine 
and phenylalanine were determined. Results were expressed as . 

The absorption maxima of albumin, 7-globulin, and fibrinogen were 
calculated from their tyrosine and tr^yitophane contents. These values 
are in good agi’eement with the observed maxima. 

Molecular extinction coefficients for albumin and 7-globulin were 
calculated. 
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Note on the Use of Hydrogen Peroxide-Treated Peptone in 
Media for the Microbiological Determination 
of Amino Acids * 

Carl M. Lyman, Olive Moseley, Suzanne Wood and Fred Hale 
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Inteoduction 

The preferential destruction or removal of certain amino acids from 
protein hydrolyzates or from partially hydrolyzed protein material 
such as peptone, offers the possibility of developing media for amino 
acid assays which are less expensive and also simpler to prepare than 
media which contain from 15 to 20 different pure amino acids. The 
medium used by Greene and Black (1) for the determination of 
tryptophane utilizes add-hydrolyzed casein for this purpose, since 
hydrolysis with strong mineral acids results in the destruction of 
tryptophane. 

The present communication reports the use of hydrogen peroxide- 
treated peptone in media for amino acid assays. Toennies and Callan 
(2) have studied the oxidation of methionine with hydrogen peroxide. 
Under the conditions given below, not only methionine, but also cys- 
tine, tryptophane and tyrodne are destroyed in peptone by treat- 
ment with hydrogen peroxide. Supplementation of the preparation 
with the four above mentioned amino acids results in a complete 
amino acid mixture for microbiological tests. 

Experimental 

Pieparaiion of Hydrogen Peroxide-Treated Peptone. Fifty g. ol Baoto-Peptone in 
.lOO ml. of 1 iV HCl are treated with 0.06 mols ot hydrogen peroxide (6.7 g. of 30% 
HsO:) and allowed to stand overnight at room temperature. Ihe solution is then 

* This investigation was supported in part by a grant from the American Meat 
Institute. 
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heated in a steam sterilizer at atmospheric pres&ure for 30 minutes, cooled, neutralized 
with sodium hydroxide and steamed again, this time for one hour. The purpose of 
the second steaming is to decompose any hydrogen peroxide which is not used up by 
the oxidative reactions. The preparation is ready for use after diluting to a final 
volume of one liter. 

In the experiments reported here, reagent grade of Superoxol which did not contain 
any preservative, was used. If the hydrogen peroxide without preservative has been 
stored for some time, it is advisable to standardize it before use. The treated peptone 
preparation may be kept in the ice box for several months if a little toluene is added. 

Composition of Assay Media. The medium used for the tryptophane curve, with 
Lactobacillus arabinoaus as the test organism, was prepared by replacing the amino 
acids in the medium of Kuiken et al. (3; with 50 mg. of hydrogen peroxide-treated 
peptone supplemented with 1 mg. each of methionine, ej’-stine and tyrosine for each 
culture of 10 ml. volume. 

The medium used for tlie tyrosine curve, using Lactobacillus casei as the test organ- 
ism, was prepared by replacing the amino acids in the medium of McMahan and Snell 
(4) with 50 mg. of tmated peptone as above. In this case the amino acid supplement 
consisted of 0.5 mg. of tr^T^tophanc and 1 mg. each of methionine and cystine for 
each culture of 10 ml. volume. 

The medium used for the methionine curve, using Leuconostoc rnesentet aides, was 
prepared by replacing the amino acid mixture in medium D of Dunn et al. (5) with 
75 mg. of treated peptone per each culture of 10 ml. volume. The amino acid supple- 
ment w’as 0.5 mg. of trj^ptophaiie and 1 mg. each of cystine and tyrosine per tube. 

Since the composition of the medium used for the curves using Streptococcus faecalis 
R has not been previousl}" describc‘d, it is given in Table I. This organism is not as 
w'ell adapted to grow'th in acid solution as are several of the other lactic acid bacteria 
which are used for amino acid a.Nsaya, for example, Lactobacillus arabinoaus. Sodium 
acetate is not the ideal buffer for this organism, because the range in w’hich it acts as 
an efficient buffer is too far toward the acid side (ionization constant for acetic acid, 
1.75 X 10"®), Sodium succinate acts as an efficient buffer in a range W’hich is closer 
to neutrality (ionization constant for the second hydrogen ion, 2.8 X 10"®) and has 
been found to be a very satisfactoiy buffer for use wdth this organism. Five ml. of 
the basal medium given in Table I weie used for each tube of final volume 10 ml. 

P/ocedures and Techniques. The method of handling the organisms and of conduct- 
ing the tt‘£>ts has }>een deseiilx'd in a pix>viou.s publication (3). 


Results and Discussion 

The standard cur\^es shown in Fig. 1, all of which were obtained with 
media in which hydrogen peroxide-treated peptone supplied most of 
the amino acid nitrogen, are typical of repeated tests. The slight dip in 
the methionine curve using Leuconostoc mesenteroides as the test organ- 
ism alw’ays occurred in the methionine tests using this organism and 
this medium. A few attempts were made to obtain satisfactory cystine 
curves with media containing treated peptone. Because the data were 
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somewhat irregular and inconsistent, they are not included in this 
report. 

The amount ol hydrogen peroxide used in the preparation reported 
here is a little more than the minimum necessary to render methionine, 
tryptophane, tyrosine and cystine inactive in microbiological tests. 
This was done in order to allow for some variation in different batches 
of peptone. The exact amount of hydrogen peroxide required depends 
also on the acidity. Less H 2 O 2 is required in more acid solutions. A 
satisfactory peptone preparation lor use in media for tryptophane 

TABLE T 

Mrthionnu Ta^t Maltutn “ Used WUh Slreptococrus laccali'^ R 


Cilrn'o-M' 

20 g. ! 

! p-Aminobenzoic and 

1 1 

HiOi trcalod-ixptono 

•>g- 

Xanthine 

0 mg. 

Succinic acid 

10 g. 

Folic acid (synthetic) 

41 

Sodium acetate 

3g. 

Pvridoxamine 

0.2 mg. 

Adenine sulfate 

5 mg. 

K 2 HPO 4 

0.5 g. 

Guanine 

0 mg. 

KH 2 PO 4 

0.6 g. 

Uracil 

5 mg. 

MgS04‘7H20 

0.2 g. 

Thiamine chloride 

0.2 mg. 

NaCl 

0.01 g. 

Pyridoxine 

1 mg. 

MiiS04-4H20 

0.01 g. 

Calcium pantothenate 

0.2 mg. 

FeS04-7H20 

0.01 g. 

Biotin 

1 7 

j K— )-CyRtine 

0.1 g. 

Riboflavin 

0.5 mg. 

?( — )-Tin:osine 

0.1 g. 

Niacin 

1 mg. 

1 ( — )-Trypt ophane 

0.05 g. 


]Xeutralize NaOH and dilute to a volume of 500 ml. 

' The tryptophane medium was prepared by omitting the tiyptophaue and adding 
0.1 g. of dZ-methiomne. 


determinations Avas obtained by the use of 0.4 mil/. H202/g. of peptone 
ill 0.5 N HCl solution. Under these conditions enough tyrosine is usually 
left in the peptone so that it is unnecessary to supplement the medium 
with this amino acid. 

It has been the purpose of this communication merely to indicate 
the extent to which hydrogen peroxide-treated peptone may be used in 
media for amino acid assays. The results of analysis of proteins and 
foodstuffs Avill be given in a later paper. 

The authors wish to express their appivciation to Ledcrle Laboratories. luc., for 
the synthetic folic acid used in this investigation. 
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Fig. 1 

Typical Standard Curves for Methionine, Tryptophane and Tyrosine, Using 
Several Microorganisms and Several Different Media Containing 
Hydrogen Peroxide-Treated Peptone as a Source of Amino Acids 
Titration values are for 5 ml. aliquots from 10 ml. cultures. Incubation temperature, 
35®C. Incubation time for Leuconosioc meserUeroides, 4 days; for other organisms, 
3 days. 
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Summary 

Conditions for the destruction of methionine, cystine, tryptophane 
and tyrosine in peptone by oxidation with hydrogen peroxide are given. 

Smooth and regular standard curves for methionine, tryptophane 
and tyrosine were obtained with media in which most of the amino 
acid nitrogen was supplied by hydrogen peroxide-treated peptone. 
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Introditctiox 

Studies on the nutrition of fish have been confined largely to the 
feeding of various natural materials. Although this ^vork has resulted 
in the development of rations capable of producing as good, or better 
groAvth in the same species confined, as in the natural state, it has given 
little data on the exact reciuirements in terms of chemical compounds 
or even the major components of food, f.c., fat, carbohydrate and 
protein. The studies reported here were planned to develop a ration of 
kno^\Ti composition so that the requirements in terms of chemical 
entities for grouili and development of trout could be determined. 

The earliest work with purified rations to assess the requirements of trout were 
the experiments performed by McCay (6). On these rations, finger lings failed to 
grow even though various levels of protein, fat, cai’bohydrate and salts were tried, 
both in the presence and absence of the then known vitamin supplements. Further 
studies (16) established that fish receiving purified diets usually developed anemia 
before death. Hatchery practice hsLS shown that trout could grow to maturity on a 
diet of fresh liver. McCay (7) postulated, therefore, the presence in liver of a sub- 
stance (Factor H) distinct from the then known vitamins. 

In a scries of experiments carried out in 1940 ( 10) xantiiopterin and a large number 
of liver fractions were found to be effective in curing the anemia. However, a year 
ater difficulty was encountered in repeating these results (12) but in 1942 Cornell 
workers (13), imder similar conditions, produced anemia which proved amenable to a 
combination of riboflavin, p>aido-xine and pantothenic acid. They suggested that a 
combination of these three vitamins constitutes Factor '*H.” When attempts were 
made during the next year (15) to repeat this w’ork, these \dtamins failed to cause 
regeneration of the red blood cells. 


“■published with the approval of the Director of the Wisconsin Agiicultural Ex- 
periment Station. 
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A serious complication in the use of synthetic diets in nutritional 
studies has been the method of feeding. If the ration is placed in the 
water it is impossible to accurately determine food consumption. 
Another complication is the leaching from the food of water-soluble 
substances. To overcome these difficulties, Field et al (4j developed a 
method of hand-feeding gelatin capsules containing knovn quantities 
of ration. 


Experimental 

All experiments were conducted in the biological laboratories of the James Xevni 
State Hatchery, ^Madison. Healthy yearling rainbow trout {Salmo gairdnerii irideus) 
were obtained directly from the stock raceways of the hatchery. The fish were selected 
to weigh 18-20 g. and divided into groups of 25. Each group was placed in a tank 
(13.5 X 1,5 X 1.5 feet) through which 60 gallons of fresh spring water flowed per 
hour. The average weights were obtained weekly using the method outlined by 
Field ei al, (3). 

In the first series seven groups were used. To all but one of these groups, dry diets 
were fed in capsules in an amount of 2^ of their body weight per day. One group 
received fresh ground liver, dried at low* temperatures. The other five groups were 
given synthetic diets based on a high sucrose ration consisting of: casein, 18; sucrose, 
70; salts IV (9), 4; liver powder (1:20), 4; cod liver oil, 2; and com oil, 2, supplemented 
with the following vitamins: thiamine, 0.3 mg.; riboflavin, 0.6 mg.; pantothenic acid, 
1.5 mg.; nicotinic acid, 10.0 mg.; choline, 150.0 mg.; pyridoxine, 0.4 mg.; ascorbic 
acid, 50.0 mg.; biotin, 0.05 mg. and p-aminobenzoic acid, 0.05 mg. per 100 g. of ration. 
For a thiamine-free, ascorbic acid-free, liver-free and low protein ration this diet was 
modified by omitting or reducing respective factors. 

The seventh, control group received an isocalorically equivalent amount (6^) of 
a diet consisting of fresh liver 47.5%, canned carp 47.5%, brewer’s yeast 5%. This 
diet (Wisconsin Hatchery ration) has been shown to be more satisfactory than any 
combination of fresh food developed to date (8). This was fed by dropping into the 
tank. 

The groups on the sucrose diets, but not those receiving the dried 
liver, regurgitated from 10-40% of their capsules after the first week, 
indicating a disturbance in the normal digestive processes. Over a ten 
week period, the control group which received the Wisconsin Hatchery 
ration gained an average of 3.3 g./week. The group receiving dried 
liver grew almost as well, averaging 3.1 g. gain/week. The group on the 
high sucrose diet grew poorly, averaging only 0.9 g./week. The deficient 
diets produced essentially the same growth as the high sucrose diet 
supplemented with aU these factors, indicating that there was a limiting 
factor in the “complete’^ ration. 
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\\lth these results in mind a new series was planned (Table I) in 
which two control groups, one receiving the standard hatchery diet, 
the other, dried liver plus 5% yeast was used. These were compared 
with three other diets prepared by adding increasing amounts of 


TABLE I 

Results of Feeding Trials with Different Levels of Carbohydrate 


Diet No. 

Diet composition 

Weekly 

gam 

(16 wks.) 

Hemo- 
globm 
g./10O ml. 
blood 

Liver wt. 
Body wt. 

XlOO 

Mortabty 
No. of fisn 

Color of 
liver 

Dried 

liver 

Yeast 

Ceielose 

Stoc 

in 

loat 


0 

3.0 

11.2 

2.1 

0 

red 

12 

95 

5 

0 

4.8 

8.2 

1.5 

1 

rod 

8 

75 

5 

20 

3.3 

8.5 

2.6 

1 

rod 

0 

55 

5 

40 

2.6 

8.3 

5.0 

3 

yellow 


35 

5 

60 

1.4 

6.5 

4.4 

2 

yellow 


cerelose at the expense of the liver (diets 8, 9, 10). The fish receiving the 
dried liver-yeast diet gained an average of 4.8 g./week, as compared 
with 3.1 g. in the earlier series mthout the yeast. Substituting cerelose 
for the liver decreased gi’ov’th but even at the 40% cerelose level the 
fish grew almost as well as those on the Wisconsin Hatchery ration. 
At 60% cerelose, growth was definitely poor. There was no significant 
mortality in any of these groups. 

After the series summarized in Table I had been on experiment for 
8 weeks, another series was designed to establish the optimum protein 
level using cerelose at 48%, yeast 5%, com oil 2% and various levels of 
casein (Table II). 

TABLE II 

Effect of DiffererU Levels of Protem 


1 

Diet composition 

Weekly 

gam 

(Swks.) 

Hemo- 

globin 

g./100 

ml. 

blood 

Liver wt. 
!Body wt. 
XlOO 

Alortality 
No. of 
fish 

Color of 
liver 

Dried 

liver 

Yeast 

Cere- 

lose 

Casein 


13 

35 

5 

48 


2 

a> 

4.0 

9.2 

7.1 

1 

yellow 

14 

25 

5 

48 

20 

2 

3.5 

7.8 

9.0 

1 

yellow 

15 

15 

5 

48 

30 

2 

3.9 

8.1 

12.1 

4 

yellow 

16 

5 

i 

5 

48 

40 

2 

4.0 

6.9 

9.5 

7 

yoUow 
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Ch’ONvth on thebe four rations wab very batisfactory but not ab good 
as the 959c liver — 5^ yeast control group (diet no. 12) started earlier 
(Table II). On the 57th day it was noted that two fish receiving diet 16 
5 % dried liver) had lost their equilibrium. Following feeding, their 
movements became even less coordinated, finally floating belly-up 
before djdng the next day. An additional 5 fish died under similar 
circumstances in the course of the next 48 hours. On the 58th day, one 
fish from group 15, and during the succeeding days more fish from 
Ihis group as well as those on diets 13 and 14. died. The stomachs of all 
these fish were distended and contained several undigested capsule*- 
often telescoped into each other. Autopsy also showed that they pos- 
sessed extremeh" large, light-colored, lobulated livers. The livers ac- 
counted for approximately 10^ c of their body weight. 

xVt least three fish from each of the groups listed in Tabh' II, as well 
as those given in Table I, were bled for hemoglobin determination, then 
killed, and their livers removed and weighed. The hemoglobin values 
showed a slight decrease at the lower levels of liver and protein in the 
diet. The only fish vith livers of color and size comparable with those 
receiving the Wisconsin Hatchery ration, taken here as a standard of 
normalcy, were those on diets 8 and 12. 

The fish on diets 9 and 10 were continued on experiment with the 
same diet except that ground gelatin was added and food was fed by 
dropping into the tank. It required some time for the fish to adjust 
themselves to this new type of food. After a period of four weeks, they 
consumed it readily, although they never reached a daily consumption 
equal to 29o of their body weight. At the end of 12 months the liver to 
body weight ratio for three representative fish had been reduced from 
o.O to 2.6 for the group on 40^ cerelose and from 4.3 to 1.7 on the 60^ ^ 
ccrelose diet. It appears that the lessened food intake reduced the 
livers to normal size but thej’' still retained, as would be expected, their 
lobulated shape. The hemoglobin values were within the normal range 
(2) although these fish had been given no fresh meat for a whole year. 

Since it was possible that cerelose might be unique in its ability to 
cause abnormal livers, other carbohydrates were tested under similar 
conditions. Diet 15 of the previous series was used as a patteiii. Starch, 
lactose, sucrose and dextrin and a carbohydrate mixture (equal 
amounts of starch, lactose and sucrose) was used at 28^ with cerelose 
bringing the cai-bohydrate level up to 48^^ as shown in Table III. 
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TAJiLL III 

Effert Ilf Diffetml Ti/pea of Caibohydiatfi 


Diet 

No. 


Diet tuinpo-situm 




Coin 

oil 


I 


' ' Hemo- , 

\S eekb I globin | 
‘jgaiinlOf g 100 ] 
wk'>) . ml 
‘ blood 


Liter vM 
Bodi wt 
XlOO 


Moi- 

tAht> Color ot 
No ol liver 
fish 


1 , , . ■ ; 
Stock standard hatchery ration ! 

, 1 

1 

1.2 

13.8 

1 

l.S 

1 , 
1 

0 ' 

red 

15 

15 . 

o 

1 ^ 

0 , 

1 30 1 

2 

1.3 

10.8 

2.0 

1 

yellow 

21 

15 f 

5 > 

1 20 

28‘ ' 

' 30 

2 

1.5 

12.0 

1.7 1 

2 

yellow 

22 1 

1 15 1 

5 

20 

28^ 1 

, 30 

2 

1.7 i 

8.6 

1.6 

. 2 

j'ellow 

23 1 

15.1 

5 

20 

28* 

30 

2 

1.2 1 

10.8 ! 

2.5 

1 7 

yellow 

24 ! 

15 1 

5 

20 

28* ; 

; 30 

2 

1.4 

10.3 

2.0 

2 

yellow 

26 i 

15 I 
1 

5 

20 

28* 1 

1 30 

2 

1 

2.4 

1 

11.3 

2.1 

1 

3 

yellow 


^ vStarch. - Liicto'^e 3 Sucrose. 

‘ 9.3 g. each, starch, lactose* and huciosi*. ^ De.>:trin 


Theae fish gre\\' rapidly at first but showed a plateau iu groAvth rate 
about the sixth Aveek and a few which died had three or four undigested 
capsules in their stomachs. The capsule size was reduced in all the 
groups in this series, and growth was then resumed but at a less rapid 
rate than in the previous period. 

Groups on diets 21 and 23, starch and sucrose, even with reduced 
food intake, regurgitated their capsules. This is nearly always a sign 
of an undigested capsule in the stomach from a preceding feeding. When 
0.3 mg.-^ riboflavin, 0.4 mg.-^ pyridoxine and 0.15% choline were 
added to these two rations regurgitation ceased, and growth ap- 
proximated that of the other groups. Growth on all these rations, in- 
cluding the Wisconsin Hatchery ration, was much poorer than in the 
pre\ious experiments. In order to get small fish at the time this experi- 
ment was started, it was necessary to use stunted yearlings which do 
not appear to grow so rapidly. All of the carbohydrate diets produced 
as good or better growth than the control diet. Indeed, the group on 
ration 26, dextrin, showed a rate of growth almost double that of the 
control. At 16 weeks representative fish were autopsied. In spite of the 
slight differences in growi;h all the fish on the high carbohydrate diets 
had livers which averaged 1. 5-2.5% of the body weight, bui were yellow 
in color and abnormal in shape. They appeared as if they had been 
enlarged and then regressed, possibly at the time the food intake was 
reduced. The addition of riboflavin, pyridoxine and choline appeared 
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to have aided digestion but not to have ob%iated liver damage. Hemo- 
globin values were within the normal range, although some groups 
were markedly below those of the fish recehing fresh meat. 

Using stunted yearlings, which belonged to the same group described 
in Table III, another series (Table IV) w’as set up at the same time to 


TABLE IV 

Effect of Varying the Liver and Casein Content of the Ration 



‘ Contained 2% cod liver oil, 400 I.U. of vitamin D and 2000 units of vitamin A. 


study the effect of dried liver. The control group received diet 8 
modified to contain dried liver 73%, yeast 5% cerelose 20% and corn 
oil 2%. The carbohydrate was maintained at 20% and the liver re- 
placed completely or in part by casein (diets 17-20). The group on diet 
17 (no liver) grew’ as rapidly as those receiving liver for the first month 
but then they began to regurgitate their capsules. This group was 
dhided into 2 parts and 12 fish were given supplements of ribofla^’in, 
pyridoxine and choline at the same levels as in the other series. This 
addition allow'ed the fish to digest their capsules and growth continued. 
The 13 fish left unsupplemented were all dead at the end of three weeks. 
The control gi’oup receiving 73% liver (diet 8) made the best growth, 
and the grow’th tended to be proportional to the amount of dried liver 
in the ration, except for the group on diet 17, where the addition of 
vitamins seemed to have replaced the liver as far as growth w'as con- 
cerned. Hemoglobin values were proportional to the amount of liver 
present, up to 16%. The \’itamin supplementation seemed to be with- 
out effect on hemoglobin production. The livers were normal in color, 
shape and size in all of these groups recehing dried liver. Fish on diet 
17, although supplemented with vitamins, had livers which were 
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yellow, blightly enlarged, lobulated with lumpy lighter j^ellow patches 
on the surface. This expeiiment wa*^ repeated with similar results. All 
the fish represented in Table IV recei\'e<l only 20^7, carbohydrate. In 
these the livers ^^ith the exception of those on diet 17 were essentially 
normal in size and appearance in contrast to the large number of fish 
on earlier experiments which had received levels of carbohydrate in 
excess of 20^. 

Discussrox 

The failure of rainbow trout to grow on a casein-sucrose ration 
supplemented with mineral salts, vitamins and liver extract powder 
adequate for the rat or chick, confirms the earlj' work of the Cornell 
group (0). In comparing the results recorded here it is well to bear in 
mind that we used yearlings, force-fed by capsule, whereas they em- 
ployed fingerlings, self-fed. 

The Wisconsin Hatchery diet, employed as a standard of reference 
here, produces as fast a growth rate as any hatchery ration reported 
(8). Liver dried at low temperatures, when fed in capsules, gave 
equally good growth responses. Addition of 5[c yeast increases the 
growth slightly a))ove that obtained with liver alone. When amounts 
of cerelose greater than 20^ c replaced the liver of this combination, the 
fish showed a reduced growth rate and abnormal livers. Growth could 
be maintained, even with 489c cerelose in the ration, if casein w’ere 
present. Although the casein replaced an equal amount of liver, total 
protein in the diet w^as increased inasmuch as this liver preparation 
was only about 60^ protein. This increase in protein is even greater 
if one uses a caloric basis of comparison, for the dried liver contained 
approximately 12^ fat. At present, it would seem that it w^as the in- 
creased protein level rather than any specific factor in casein w'hich 
maintained higher grow'th rates in diets 13-lG as compared wdth diet 9. 

fc5ucrose, lactose, starch or a mixture of these three, appeared to 
produce essentially the same growdh as does cerelose during the eafTy 
growth wdth yearlings. Starch and sucrose rations required \’itamin 
supplementation to carry them through the experimental period. With 
dextrin as the carbohydrate, growdh w^as better with rainbow’ trout as it 
has been showm to be with other animals (5). 

There is no clear-cut relationship betw’een the level of dried liver 
and growdh with diets of adequate protein content. Although it w’as 
unfortunate that only stunted 3 ’eaiiings w’ere available for this experi- 
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ment, it \\ill be seen from Table IV that the best growth of any of the 
casein-containing rations employed in that series was obtained on diet 
17 which contained no liver. This e\idence would seem to indicate that 
Factor H or other substances which may be present in liver are not 
essential for growth in yearling trout. 

It must be recognized, however, especially in this species, that good 
gro\v"th is not the only criterion for adequate nutrition. Fish which 
made very satisfactor}’' gains showed markedly abnormal livers and 
often an excessive and sudden mortality. It is e\ddent from Tables I, II 
and III that fish receiving more than 20^ carbohydrate showed liver 
pathology and increased mortalit 3 ' regardless of their rate of groviih. 
Indeed, \^ith faster gro’v^ing fish the}' seemed to have more severe!}' 
enlarged livers as can be noted from Table 11. Embody's analysis of 
stomachs of wild brook trout show that their natural diet probably 
contains about 20% carbohydrate (1). Liver pathology is evident 
whenever a high level of carbohydrate is used. With these high levels, 
the type of carbohydrate and amount of protein has no beneficial or 
detrimental effect. Furthermore, the level of liver is without effect as 
long as the carbohydrate level is about 20%. On low protein, better 
than 50% dried liver is necessary to prevent this pathology (Table I). 
When the carbohydrate is low and the protein is more nearly adequate, 
as in the series presented in Table IV, an amount of dried liver as small 
as 5% appears to prevent both mortality and liver damage. Carefully 
dried liver seems to contain a factor (possibly Factor H), or factors, 
necessary for yearling rainbow trout fed a purified casein-carbohydrate- 
yeast ration. It is apparent that this factor is not riboflavin, pyridoxine 
or choline as these were fed in combination, at the level found adequate 
for the chick to one-half the group on diet 17 (adequate protein — no 
liver), without remedying the liver pathology. The fish which received 
these vitamins lived through the experimental period whereas those 
which received none, all died. Part, but only part, of the beneficial 
effect of dried liver would be in its content of these ntamins. 

In contrast to McCay's results (16) we have not noted any pro- 
nounced anemias. Perhaps this may be due to our use of larger and more 
mature fish. Hemoglobin values have been independent of growth or 
liver pathology except possibly in series presented in Table IV w'here, 
there may be some positive correlation betw'een hemoglobin values and 
the percentage of dried liver fed. 
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We are indebted to Merck and Company, Inc., llahway, Xcw Jersey, for the 
generous suppb' of crystalline B vitamins and to Wilson Laboratories, Inc., Chicago, 
Illinois, for liver preparation. 

Summary 

1. Yearling rainbow trout fed a ration composed of cerelose 489o> 
casein 409 cj fa,t 2%, supplemented with 5 % each of dried liver and 
brewers’ yeast by capsule, were able to maintain a hemoglobin level 
and growth rate equal to that produced by feeding 100% dried liver or 
a standard hatchery meat ration. 

2. Such fish develop greatly enlarged yellow, lobulated livers and 
die suddenly after 8 weeks on experiment. 

3. To prevent liver damage it was necessary to cut the carbohydrate 
level to 20% and maintain the level of liver at 5%. 

4. Part, but not all, of the effect of liver can be replaced by a com- 
bination of riboflavin, pyridoxine and choline. 
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Introdvction 

111 a previoub publication (1), \vc reported that reduced glutathione 
is rapidly oxidized by a cytochi'ome c-linked enzymatic system found 
in cell-free preparations of mouse kidney homogenates. In order to 
determine whether the system was complete, as previously described, 
a study was made on the effect of the addition of several co-factors, 
such as coenzyme I, nicotinamide, ascorbic acid and adenosine tri- 
phosphate (ATP), 

Little work has btMin done relating glutatluom* and coenzyme I in animal tissues. 
Bukin (2) has observed a non-enzymatic reaction in which oxidized glutathione is 
reduced by dihydrocozymase. 

A relationship not as yet completely understood seems to exist between glutathione 
and ascorbic acid. Hopkins and Morgan (3) observed that, in the presence of crude 
ascorbic acid oxidase, any glutathione present was completely oxidized before the 
ascorbic acid itself was oxidized. In addition, reduced glutathione could reduce 
oxidized ^ascorbic acid very rapidly if the enzyme was present. Crook (4) has separated 
the enzj'me, catalyzing the reduction of dehydroascorbic acid by glutathione, from its 
associated ascorbic acid oxidase. 

Bukin (2) related ascorbic acid, glutathione and dihydrocozymase in plant systems 
and concluded that one of the main functions of ascorbic acid in plant tissues depends 
on its participation in the respiration process. However, he indicated that this is not 
the ease in animal cells. Stotz ci al (o) obseiwed that reduced glutathione disappeared 
from liver brei at essentially the same rate whether or not ascorbic acid was added. 
On the basis of this and other observations, they concluded that ascorbic acid was 
not an essential intermediate in the reaction of glutathione with oxygen, either 
through the indophenol oxidase-cytochrome system or in the presence of copper. 


•^Published with the approval of the Dhector of the Wisconsin Agricultural 
Experiment Station. These studies were aided by a grant fiom the Rockefeller 
Foimdation. 
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In this study, data are presented which indicate that coenzyme I 
and ascorbic acid are involved in the enzymatic oxidation of reduced 
glutathione and the effects of these and other cofactors are discussed. 

Methods 

White mice of an inbred Swiss strain were used and, after weaning, were maintained 
on stock ration ^ and water ad libitum plus occasional greens. A tissue homogenate 
of mouse kidney was prepared by the technique of Potter and Elvehjem (6) modified 
as previously described (7, 8). From this homogenate a cell-free preparation (1) was 
obtained which was used immediately in order to minimize inactivation of the 
enzyme occurring in very dilute solutions of protein (9). 

A conventional Warburg constant volume respirometer at 37.0°C. w'aa used in all 
experimental and analytical w’ork and the pH was determined w'ith a Beckman pH 
meter (glass electrode). The reaction was buffered in all cases with 0.4 ml. of 0.25 M 
sodium potassium phosphate buffer (pH 7.6 j ^ and, after adding the other components, 
redistilled water was added to make 3.0 ml. The gas phase was air, and 0.2 ml. of 10 
KOH and a small strip of filter paper were placed in the center well to absorb CO 2 . 
The pH of the final reaction mixture w'as 7.6 as determined electrometrically. The 
glutathione solution w’as always placed in a side arm and added to the mixture of the 
other components after equilibration of the flask contents had taken place. 

Commercially prepared compounds were used without further purification as 
follows: ascorbic acid, Merck; TJ.S.P. nicotinamide, Merck; commercially isolated 
coenzyme I (66% pure), Merck;® and pure, crystalline, reduced glutathione, East- 
man Kodak and B. L. Lemke. Adenosine triphosphate was isolated in these lab- 
oratories ^ from dog muscle by a procedure essentially as described by Le Page (10) 
and a semipurified fraction (66% purity) w^as used in these expeiiments. Cytochrome 
c was prepared in these laboratories from beef heart by the method of Keilin and 
Hartree (11) and had been dialyzed against glass-redistiUed w'ater. AH solutions were 
prepared in glass-redistilled water and neutralized, if necessary, to pH 7.6 wdth dilute 
sodium hydroxide. Glutathione and ascorbic acid solutions were neutralized just 
before addition to the side arm of the reaction vessel. 

Experimental 

In addition to the rapid enzymatic oxidation of glutathione occurring 
when cytochrome c was added, it was previously observed (1) that 

1 B-B Laboratory Rabbit Diet, Maritime Milling Company, Inc., Buffalo, New 
York. 

® This buffer was prepared by mixing 0.25 M disodium phosphate (six volumes) 
and 0.25 M monopotassium phosphate (one volume) until a pH*of 7.6 was obtained 
when diluted to 0.033 M. 

®We are indebted to Merck and Company, Inc., Rahway, New Jersey, for a 
generous gift of cozymasc. 

* Appreciation Is expressed to F. J. Pilgrim who assisted in the isolation of ATP. 
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reduced glutathione was slowly oxidized bj' tissue preparations in the 
absence of cytochrome c. The effect of the addition of several cofactors 
w'as determined experimentally both in the presence and in the absence 
of cytochrome c and also on the non-enzymatic autoxidation of reduced 
glutathione. 



Fig. 1 

Effect of Coenzyme I, Nicotinamide and Cytochrome c on the 
Oxidation of Glutathione by Tissue Homogenates 

Curve I, buffer, cytochrome c, tissue homogenate representing 20 mg. wet weight 
of mouse kidney (dry weight of about 4 n^.), and 1 mg. of reduced glutathione; 

Curve II, same as Curve I with addition of coenzyme I and nicotinamide; 

Curve III, same as Curve I, except 3 mg. of glutathione; 

Ciiive IV, same as Curve III with addition of coenzyme I and nicotinamide; 

Curve V, same as Curve I, except 5 mg. of glutathione; 

Curve VI, same as Curve V with addition of coenzyme I and nicolinamide. 

Other final concentrations were buffer, 0.033 M potassium phosphate (pH 7.6); 
cytochrome c, 4,7 X 10“® M; coenzyme I, 1 mg./^k; and nicotinamide, 
Redistilled water was added to make a total volume of 3.0 ml The tissue homogenate 
was added, the fiasks equilibrated and the glutathione solution was added at zero 
time from the side arm. All curves are corrected for the endogenous respiration occur- 
ring under the same conditions but in the absence of glutathione. 
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It became apparent early in our work that there wats some inter- 
relationship between coenzyme I and glutathione oxidation. Hence, 
studies were made on the effect of addition of coenzyme I and nico- 
tinamide to the reaction mixture containing cytochrome c and tissue 
homogenate. On the addition of reduced glutathione at three different 
concentrations, a small but definite increase in the rate of oxidation 
w^as obtained in each case (Fig. 1) when coenzymc I and nicotinamide 
were present. However, the values for the maximum oxygen uptake 
were the same, irrespective of turther addition o( coenzyme 1 and 
nicotinamide. 

The results of the addition of cell-free tissue preparation to reduced 
glutathione in the presence of coenzyme I but in the absence oi 
cytochrome c are summarized in Fig. 2. Furthermore, the additional 
effects wdiich could be attributed to nicotinamide and ATP were in- 
vestigated. The addition of coenzyme I at a level of 1 mg. usually 
caused a large increase in the rate of oxidation over the rate when no 
coenzjTne I was added (Curve III, Fig. 2). In a few cases in which the 
addition of coenz\Tne I did not cause a marked increa.^e in the oxidation 
rate, an increased rate of oxidation was obtained when both coenzyme 
I and nicotinamide were present. How'^ever. when an initial increase 
was obtained on the addition of coenzymc I alone, only a slight in- 
crease was observed on the further addition of nicotinamide (Curve 
IV, Fig. 2). These results can lie explained by the variation in ability 
to destroy coenzyme I between different animals and the sparing 
action of nicotinamide on the inactivation of coenzyme I by the 
nucleotidases present. It will be noted that, in addition to the increase 
in the rate of oxidation observed \vhen nicotinamide and coenzyme I 
are added, there is also an obseiwable decrease in the induction period. 
In order to establish whether nicotinamide was exerting its effect in 
addition to or in conjunction with coenzyme I, it w’as added alone to 
an enzyme-catalyzed oxidation of glutathione. Xo increase w’as ob- 
served (Curve V, Fig. 2), and the same result was obtained w’hen ATP 
was tried in a similar manner (Curve VI, Fig. 2). In no case did the 
rate of oxidation achieved by adding coenz 3 "me I approach that w’hieh 
could be obtained on the addition of c}i;ochrome c. 

The addition of coenzjTne I to a reaction mixture w’hich contains 
tissue preparation, glutathione, and cytochrome c does not result in as 
striking a change as when cytochrome c is not present. The pi*esence 
of coenzyme I and nicotinamide does not increase the rate of gluta- 
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thione oxidation but does significantly shorten the induction period 
(Curves VIII and IX, Fig. 2). As pre^iously ol:>served in the absence 
of cytochrome c, in some cases the addition of nicotinamide showed no 
effect over the addition of coenzyme I alone, whereas in some cases its 
presence was necessary before the effects attributed to the presence of 



Fig. 2 

Effect ot Cooiizyiae I and Other C’ofactoi^ on the Oxidation 
of Glutathione by Cell-Free Tissue Preparations 
Curve I, buffer only or buffer and cytochrome c; 

C’urve II, buffer and cell-free tissue preparation representing 2.0 mg. wet weight 
of mouse kidney (diy weight of about 0.4 mg. j ; 

Curve III, same as Curve II with addition of coenzyme I : 

C'urve IV, same as Curve II with addition of coenzyme I and nicotinamide ; 
(’urve V, same £is Curve II with addition of nicotinamide (identical with Curve II ) , 
(’uiwe VI, same as Curve II with addition of ATP (identical with Curve II); 
Curve VII, same as Curve II with addition of cytochrome c; 

Cui*ve VIII, same as Curve VII with addition of coenzyme I; 

Curve IX, same as Curve VII with addition of coenzyme I, nicotinamide and ATP 
(identical with Cui-ve VIII). 

Reduced glutathione was present in all cases at a level of 3 mg./flask. Other final 
(‘oucentiations w^ere buffer, 0.033 M sodium potassium phosphate (pH 7.6); cyto- 
chrome c, 6.7 X 10“** M: coenzyme I, 1 mg./flask; nicotinamide, 10“= M: and ATP, 
1.33 X 10"3 .V. RedistiUed water w’as added to make a total volume of 3.0 ml. The 
tissue preparation was added, the flasks equilibrated and the glutathione solution 
was added at zero time from the side arm. 
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coenzyme I were apparent. As when obsen-ed in the abbence of 
csdwchrome c, the addition of ATP was without effect either in the 
presence or absence of coenzsmie I and nicotinamide. 

The effects of the addition of several cofactors on the non-enzymatic 
reactions involved in the oxidation of reduced glutathione were either 
no change or a very slight increase in oxidation rate when these 
substances were added either singly or together (Table I). In general, 


TABLE I 

Effect of Coemyme I on the Nanr-Enzynmtic Oxidation of GLutathiont 


Exp. 

Contents of Flask 

1 Rate of Os Uptake 
j (ou mni hr ) 

1 

GSH with or without cyto. c 

16 

2 

GSH, Co. I (1 mg.) 

17. 25 

3 

GSH, Co. I (1 mg.), NA, cyto. c 

20, 23, 25 

4 

GSH, Co. I (1 mg.), NA, cyto. c, ATP 

I ^ 

5 

GSH, Co. I (0.2 mg.) 

' 17 

6 

GSH, Co. I (0.6 mg.) 

1 

7 

GSH, Co. I (2 mg.) 

' 16 

1 


Reduced glutathione (GSH) at a level of 3 mg. per flask and buffer, 0.033 M sodium 
potassium phosphate (pH 7.6), were present in all experiments. Other final con- 
centrations were coenz 3 nne I (Co. I), level indicated/flask; cytochrome c (cyto. c), 
6.7 X 10“® M; nicotinamide (NA), 10”® M; and adenosine triphosphate (ATP), 
1.33 X 10”® M. Tissue preparation was not present. Redistilled water was added to 
make a total volume of 3.0 ml., the flasks were equilibrated, and glutathione solution 
was added at zero time from the side arm. 

In most cases, each value for the rate of O 2 uptake represents an average of several 
experiments. 

the rate of non-enzymatic oxidation of glutathione is considered to be 
unaltered by the addition of c}iiOchrome c, coenz3rme I, nicotinamide 
or ATP. 

It is known that ascorbic acid can be used as a substrate in the 
determination of cytochrome oxidase (12) and that it is non-enzy- 
matically oxidized in the presence of hea^y metals such as copper (13). 
In these experiments the rate of oxidation of ascorbic acid in the 
absence of glutathione was determined in order to ascertain whether 
or not this oxidation rate was sufficiently large to account for the 
differences observed when glutathione was present. On the addition 
of a cell-free preparation of mouse kidney, ascorbic acid is oxidized 
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but at a very low rate as indicated in Table II. When cytochrome c is 
added, but in the absence of tissue preparation, the oxidation of as- 
corbic acid proceeds more rapidl}’’, but still at a very slow rate. When 
both cytochrome c and tissue preparation are added, ascorbic acid is 
oxidized at a rate which is approximately the summation of the rates 
observed when these two substances are added separately. 


TABLE II 

Effect of Ascorbic Acid on Glutathione Oxidation 


Exp. 

Contents of Flask 

Rate of 

O2 Uptake 
(cu. mm /hr.) 

Q 02 

1 

AA, CFP 

5 

13 

2 

AA, cyto. c 


— 

3 

AA, c 3 rto. c, CFP 

18 

45 

4 

GSH, CFP 

35 

87 

5 

GSH, cyto. c 

15 

— 

6 

GSH, cyto. c, CFP 

90 i 

225 

7 

GSH, AA 

26 

— 

8 

GSH, AA, cyto. c 

24 

— 

9 

GSH, AA, CFP 


150 

10 

GSH, AA, cyto. c, CFP 

120 

300 

11 

AA (low level), GSH, cyto. c, CFP 

123 

307 

12 

AA (high level), GSH, cyto. c, CFP 

126 

315 


Buffer, 0.033 M sodium potassium phosphate (pH 7.6), was present in all experi- 
ments. Other final concentrations were reduced glutathione (GSH), 3 mg./flask; 
ascorbic acid (AA), 10“* M; low level of ascorbic acid (Exp. 11), 1.7 X 10“® M; high 
level of ascorbic acid (Exp. 12), 3.3 X 10”® M; cytochrome c (cyto. c), 6.7 X 10”® M; 
and cell-free tissue preparation (CFP) representing 2.0 mg. wet weight of mouse 
kidney (dry weight of about 0.4 mg.). Redistilled water was added to make a total 
volume of 3.0 ml. The tissue preparation was added (where designated), the flasks 
equilibrated and the ascorbic acid and/or glutathione solutions were added at zero 
time from separate side arms. 

In most case.s, each value for the rate of 0> uptake represents an average of several 
experiments. 

When ascorbic acid and reduced glutathione are present together in 
a reaction vessel in the absence of cyiiochrome c or tissue preparation, 
the oxidation rate which results can be accounted for by a summation 
of the oxidation rates obser^’^ed when each of these components is 
present separately (Table II). From these data, the conclusion can be 
drawn that ascorbic acid does not exert a non-enzymatic catalytic 
action on the rate of oxidation of reduced glutathione. 
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In the absence of cytochrome c, an enzymatic oxidation of both 
reduced glutathione and ascorbic acid takes place, but the latter at a 
much slower rate. When ascorbic acid and glutathione are both present 
under the same conditions as before, an oxidation occurs in which the 
rate exceeds by 50% the summation of the oxidation rates of ascorbic 
acid and glutathione when present separately under the same condi- 
tions. These data, summarized in Table II, indicate that ascorbic acid 
and glutathione interact to promote a more rapid ox\"gen uptake when 
tissue preparation is present. 

The addition of ascorbic acid to a reaction mixture containing 
glutathione, cytochrome c and tissue preparation results in an oxida- 
tion rate which exceeds that of the summation of each of the oxidation 
rates of the two hydrogen donors considered separately (Table II). 
However, it will be noted that this relationship could very easily" be 
overlooked if the amount of ascorbic acid added were too high. Ap- 
parently a very minute amount of ascorbic acid (1.7 X 10“^ M) will 
cause a marked increase in the oxidation rate of reduced glutathione 
and increasing this amount by 200 times does not result in any further 
increase. A consideration of ten different experiments with amounts 
of added ascorbic acid differing by 200-fold results in an average devi- 
ation of approximate!}" ±1%, which is w"ell within the experimental 
error of the manometric method. 

The effect of variation in concentration of cell-free tissue preparation 
w"as investigated over a 40-fold range and the results are recorded in 
Table III. It is evident that both the rate and the total oxygen uptake 
increase as more tissue is added. The proportional increase does not 
seem to be a direct function of the amount of tissue added, particularly 
W'hen the rate of the reaction is considered. Calculations of the Qq.^, 
after correction has been made for the oxidation iii the absence of 
tissxie, show- a progressive decrease from 205 to 8 as increasing amounts 
of tissue are added. On the other hand, by appljdng a correction ob- 
tained in the same concentration of substrates in the absence of tissue 
preparation, it w-ill be observed that the total oxygen uptake is now" a 
function of the amount of tissue added and lies in the neighborhood of 
10 cu. mm./mg. This oxygen uptake is considerably larger than that 
previously obtained in the absence of ascorbic acid (1) and, therefore, 
it would seem that this compound perhaps facilitates in some manner 
oxidation of either protein sulfhydryl gi'oups or substrates already 
present in the tissue preparation. 
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TABLE III 

Ejfect of Tissue Level on Glutathwne Oxidation in the Presence of Ascorbic Add 


Exp. 

1 

Tissue added 
(drj' wt. in niR.j 

Rate of O 2 Uptake 
(cu. mm./hr.) 

Total Oi Uptake 
(CU. mm ) 

Total O 2 Uptake 
0‘u. mm. /mg.) 

1 

0 

23 

93 



2 

0.2 

100 

— 

— 

3 

0.4 

116 

98 

12 

4 

1.0 

130 

1 104 

11 

5 

1.6 ! 

144 

— 

— 

6 

2.0 

148 

118 

12.5 

7 

4.0 

148 

134 

10.2 

8 

7,6 

156 

148 

7.3 


Each reaction flask contained buffer, 0.033 M sodium potassium phosphate (pH 
7.6): cytochrome c, 6.7 X 10“® M; ascorbic acid, 10“® M; glutathione, 3 mg.; and 
cell-free preparation of mouse kidney (20^/c diy weight) at the level indicated. 
Bodistilled water was added to make a total of 3.0 ml. After addition of the cell-free 
preparation, the flasks were equilibrated and the ascorbic acid and glutathione adde<l 
simultaneously at zero time from separate side arras. 

The O 2 uptake was recorded over a total of 7 hours. The values in the last column 
were obtained by subtracting the total O 2 uptake obtained when no tissue preparation 
was added and then dividing by the number of mg. of tissue present. 


Discussion 

It is evident from the data relating coenzyme I and reduced gluta- 
thione, that the non-enzymatic oxidation is not stimulated by the 
addition of coenzyme I. When tissue preparations are added in addition 
to eoenzyme I, the oxidation of glutathione occurs at a more rapid 
rate than in the absence of the cofactor, indicating that, in the absen(‘e 
of cytochrome c, coenzyme I is apparently a limiting factor in the 
oxidation of glutathione by tissue preparations. It can be concluded, 
therefore, that the oxidation of glutathione in the absence of cyto- 
chrome c probably involves a coenzyme I-linked enzyme system. When 
cytochrome c is present the effects attributed to coenzyme I are not as 
marked as before; the induction period is decreased but the rate 
remains the same. These results would suggest that either the cyto- 
chrome c-linked system does not need coenzyme I or that a sufficient 
ciuantity is already present. In the presence of cytochrome c the effects 
observed on the addition of coenzyme I are probably only of secondaiy 
nature. 
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The experiments involving the addition of ATP were performed in 
order to ascertain whether the oxidation of glutathione involved a 
phosphorylating mechanism which could be rendered more active on 
the addition of a donor of energy-rich phosphate bonds (14). No in- 
creases in oxidation are observed on the addition of ATP, either in the 
presence or absence of cytochrome c, showing that under these condi- 
tions there are no indications that the mechanism for glutathione 
oxidation involves phosphorylation in an intermediate step. 

Ascorbic acid is shown to stimulate the rate of oxidation of reduced 
glutathione by cell-free preparations both in the presence and in the 
absence of cytochrome c. This is a catalytic effect and, after a small 
quantity of ascorbic acid (final concentration of 1.7 X 10”® M or less) 
is added, no increase in rate is noted on further addition of ascorbic 
acid. These observations extend to animal tissues the conclusions of 
former investigators relating the oxidation of ascorbic acid and gluta- 
thione and a possible explanation of these effects is that ascorbic acid 
is functioning as a hydrogen carrier in glutathione oxidation. Further- 
more, the presence of ascorbic acid results in an increase in the total 
oxygen uptake per mg. dry weight of tissue preparation, indicating 
that it might in some manner facilitate the oxidation of fixed sulfhy- 
dryls in tissue proteins. 

Summary 

1. Coenz>une I is sho^vn to increase the rate of enzymatic oxidation 
of reduced glutathione in the absence of cytochrome c and to decrease 
the induction period either in the presence or absence of cytochrome c. 

2. The addition of adenosine triphosphate, either in the presence or 
absence of cytochrome c, has no effect on the enzymatic oxidation of 
reduced glutathione. 

3. Ascorbic acid catalytically stimulates the oxidation of reduced 
glutathione by cell-free tissue preparations lioth in the presence and 
absence of cytochrome c. 
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Introduction 

Okunuki (1) discovered in a variety of higher plants an enzjnne 
which specifically decarboxylated glutamic acid. He described glu- 
tamic acid decarbox>'lase as bound to the cellular structures from 
which it could not be brought into solution by treatment wth glycerol 
(60%), phosphate buffers (7n/10 to /n/40, pH 0.0 and 8.0) and NaCl 
solution. The activity of Okunuki’s enzyme suspensions was not in- 
fluenced by the presence or absence of oxygen or by treatment with 
carbon monoxide. Cyanide, however, inhibited 89% at a concentration 
of 10“‘ M and 100% at 10"* M and pH 0.0. Optimal activity of the 
enzyme was stated to occur near pH 6.0. 

Okunuki's richest enzyme source was pollen of Ltlium auiatum. Cabbage contained 
about 1/2 as much enzyme, spinach 1/5 and carrots between 1/7 and 1/8, as judged 
from the amounts of COj liberated in 30 min. by the action of 100 mg. of dry powder 
prepared from the sources mentioned. 

In the experiments to be reported here (2) a simple method is 
described for the preparation of clear solutions of glutamic acid 
decarboxylase from carrots. A number of properties of such solutions 
were studied and evidence was obtained which suggested that the 
enzyme is a pyridoxal-phosphate-protein complex. 

Experimental 

1. Measurement of Enzymatic Activity 

The decarbovylation of glutamic acid was followed manometrically with Warburg 
manometers at 37°C. Tho main vessel contmned the enzyme suspension or solution 

45.5 
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to be tested, buffered to pH 5.70-5.90 (glass electrode) with wi/15 phosphate buffer. 
After temperature equilibrium had been reached, 0.5 ml. (34 micromol) of a neutral 
1.000% solution of i(-i-)-glutamic acid was added from the first side vessel. (A solution 
of 1000 mg. glutamic acid (6.8 milhmol) plus 6.2 ml. 1.095 N XaOH (6.8 millimol) 
filled with water up to 100 ml. had a pH of 7.04). 

The volume of the enz 3 niie-substrate mixture was usually 4.5 ml., so that the sub- 
strate concentration was 7.55 millimolfl. at the start of the reaction. Readings were 
taken at intervals, usually every ten minutes, and the reaction was usually terminated 
by the addition of 0.5 ml. 1.2 iV” H 2 SO 4 from the second side vessel. The individual 
readings were then corrected for “bound'* CO2, liberated after the addition of acid. 
A blank was set up with each run containing water instead of glutamic acid solution 
and a correction for small amounts of CO 2 formed in these controls and contained in 
the buffers was made. 

All experiments were earned out in nitrogen atmosphere. The main reason for this 
is the elimination of oxygen uptake, which, in air, amounted to about 5-15% of the 
CXla produced and can add confusing side reactions to the decarboxylation to be 
studied. The CO2 formation in air in our experiments with carrots was 90-95% of 
that observed in nitrogen, whereas Okunuki (1) found 98% in an experiment with 
pollen of Lilium auratum. 

2. Distribution of Glutamic Add Decarboxylase in Various Plants 

Suspensions of a variety of plants were prepared by mixing from 4-20 
g. of plant material for 2-3 min. in a Waring Blendor trith 100 ml. ice 
cold m/15 phosphate buffer pH 5.75. The tests for enzymatic activity 
were carried out with 4 ml. of each suspension. The results obtained 
with 34 plants are listed in Table I. Activities are recorded there as 
Qco 2 values, obtained by multiplying mm.^ CO 2 formed in 10 min. by*- 
6 and dividing by the mg. of tissue used in each assay. Such Q values 
do not represent initial velocities and are to be considered as minimal 
values, as some inactivation of the enzyme has already taken place 
during the first 10 min. As the process of inactivation progresses 
rapidly, the actual amount of CO 2 liberated/mg. tissue/hr. is again 
smaller than would be expected from the Q values. Whereas Oco, (10 
min.) is, therefore, a some'vvhat artificial concept — the multiplication 
with 6 is carried out to confoim with the customary definition of Q 
values — ^it is, nevertheless, convenient for comparisons, particularly as 
values calculated in a similar way have been used by Blaschko (3) 
in his review dealing with amino acid decarboxylases of mammalian 
tissue. 

Examination of Table I reveals that carrots are a fair source for glutamic acid 
decarboxylase. The discrepancy with the results obtained by Okunuki may be due 
to the fact that he washed his suspensions, removed as much fluid as possible by 
strong pressing and assayed dry powders prepared from the residual tissue. In 
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Okunuki's report, the amounts of CO 2 formed by 100 mg. dry powder in 30 min. were 
given as: 146 mm.^ from cabbage, 62 mm.^ from spinach and 41 mm.® from carrots. 
For direct comparison with these figures, 30 min. readings adjusted for 1 g, fresh 
weight are included in Table I. 


TABLE I 


Distribution of Glutamic Acid Decarboxylase in Various Plants 


Material 

QcOi 

mm.* CO 2 in 30 min./g. 
fresh tissue 

Yellow Squash 

1.2 -3.0 

350-860 

Italian Squash 

2.69 

845 

White Squash 

1.9 -2.8 

510-780 

Avocado 

1.2 -1.7 

455-535 

Avocado Seed 

0.07 

12 

Green Pepper 

i 1.54 

494 

Hot Pepper 

0.97 

292 

Cucumber 

0.87 

260 

Radishes 

0.85 

300 

Parsley (tops) 

0.81 

274 

Carrots 

0.68 

222 

Asparagus tips 

0.63 

223 

Parsnips 

0.62 

180 

Celery (tops) 

0.60 

189 

Green Peas 

0.60 

149 

Eggplant 

0.35 

108 

Turnips 

0.33 

120 

String Beans 

0.31 

102 

Artichoke 

0.29 

96 

Vegetable Pear (Chayote) 

0.29 

77 

Lettuce 

0.21 

64 

Spinach 

0.20 

58 

Mustard Greens 

0.16 

45 

Cabbage, green leaves 

0.15-0.31 

31- 93 

Cabbage, white leaves 

0.08 

13- 15 

Beets 

0.15 

48 

Ground Artichoke 

0.13 

29 

Tomatoes 

0.12 

21 

Com 

0.12 

26 

Okra 

0.09 

23 

Horseradish 

0.08 

28 

Rutabaga 

0.03-0.08 

8- 13 

Broccoli 

0.06 

8 

Sweet Potatoes 

0.05 

8 

Cauliflower 

0.05 

4 

Sunflower Seeds 

0.03 

8 
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3. Preparation of Clear Enzyme Solutions 

When suspensions, prepared as described in the previous section, 
were centrifuged, opalescent supernatant solutions were obtained which 
showed a considerable portion of the enzymatic activity of the original 
suspension. As the activity of such extracts might conceivably be due 
to the finely dispersed particles causing the residual turbidity, at- 
tempts were made to remove this turbidity without loss of glutamic 
acid decarbox;ydase. Filtration through Seitz filters yielded clear solu- 
tions without enzymatic activity. Treatment with 0.5^ Xorit also 
removed glutamic acid decarboxylase completely, whereas 0.1^ Xorit 
adsorbed about 40-50^*^ of the decarbox\dase but failed to remove 
turbidity completely. A variety' of other adsorbing agents was tried 
and some of the results obtained are listed in Table II. 

TABLE II 

Effect of Adsorbing Agents and Filtration on Turbidity and 
Enzymatic Activity of Carrot Extracts 


A. Extract 43, Fresh Carrots, Qco2=0.22 


Treatment of Extract 



1 1 

None 1 

Kaobii 
! 0.25% 

Perinutit 

0.25% 

ALO/ 

0.25% 

Filtration 

36060-F 

“Turbidity” 

0.407 

0.041 

0.046 

0.027 

0.017 

Turbidity in ^ of value for 
starting material 

100 

1 

10.1 

11.3 

6.6 

4.2 

Activity in % of value for start- 
ing material 

100 

1 67 ! 

1 1 
! ' 

82 

86 

87 


B. Extract 19, Old Carrots. Qc‘(),=0.56 


Treatment of Extract 



Nout* 

1 

Kaulin 

1 

PL*riniuit 

0.50% 

.\LO,‘ 

0.50^ 

Filtration 

360C0-F 

“Turbidity” 

1.044 

0.286 

0.361 

0.496 

0.018 

Turbidity in of value foi’ 

starting material 

100 

27.4 

1 

34.6 

47.r) 

1.7 

Activity in Sc of value for start- 
ing mateiial 

100 

92 

1 

100 

1 

86 

73 


’ Standardized according to Brockmann. 
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Turbidities were measured 'with a Lumetron Photoelectric Colorimeter, Model 
402-E using 10 mm. cuvettes and filter M-575. Two readings were taken, one with 
the cuvette as close as possible to the photoelectric cell and one as far away as possible. 
Distilled water shows only a very slight difference between the readings with the 
cuvette in both positions. When the same experiment was performed with turbid 
extracts, considerably less light reached the photocell from the distant position and 
this loas of light due to scattering was used as a numerical value for the degree of 
turbidity present. The advantage of this method is that changes in light absorption 
caused by the removal of pigments by adsorbing agents are automatically com- 
pensated and do not confuse the results. An example may serve to illustrate this 
procedure: A cuvette filled \\dth turbid extract was placed next to the photocell and 
the instrument was adjusted to read 100% transmission. The cuvette was then moved 
away from the cell to the other end of the compai-tment and a reading showed 38.9% 
transmission, corresponding to an extinction of 0.410. A cuvette with distilled water, 
manipulated the same way, showed a reading of 99.4% in the distant position, cor- 
responding to an extinction of 0.003. This reading for the “blank” was subtracted 
from 0.410 and gave 0.407 as a measure of the turbidity of the extract. The same 
extract diluted 1:1 with water gave a “turbidity-value” of 0.226. A second extract, 
with a “turbidity” of 1.044 gave a value of 0.115 after dilution with water 1:10. 
These data show that there is a reasonable proportionality between the degree of 
turbidity and the num<Mneal values obtained. 

Clear extracts were finally prepared without adsorbing agents when it was found 
that the use of fritted glass filters would lead to clear solutions. The method for the 
preparation of extracts for all further experiments was as follows: 100 g. carrots was 
mixed in a Waring Blendor for 2-3 min. with 100 ml. ice cold m/15 phosphate buffer 
pH 6.4 and the suspension was stored at 4°C. for one hour. The mixture was then 
filtered through cheese cloth and the filtrate centrifuged for 15 min. (Size 2 centrifuge, 
conical head, 4000 r.p.m.}. The turbid and light orange supernatant fluid was filtered 
through a Corning fritted glass filter No. 36060-600 -jVI and subsequently through 
filter No. 36060-600-F, Tliis procedure yielded water-clear extracts, provided the 
filtration through the second, fine porosity filter was carried out with only very slight 
suction. When the full vacuum obtainable with a water suction pump was applied, 
the filtrates were clear only until about 1/3 of the total volume had been filtered. 
By this time fine particles had usually found their way through the fritted glass and 
the filtrate became turbid. A comparison between the results for Extract 43 and 
Extract 19 in Table II shows that the filtration method using slight suction regularly 
produced clear extracts, independent of the degree of turbidity of the starting ma- 
terial. The effectiveness of adsorbing agtmts, on the other hand, varied considerably 
from one extract to the ne.xt. 

From 100 g. carrots between 110 and 140 ml. filtrate, pH about 
0.4, was obtained. For most experiments an adjustment to about pH 
6.7 was made by adding 18 ml. 7w/15 KH2PO4 solution and 2 ml. ?m/15 
H3PO4 to 20 ml. filtrate. The enzymatic acthdty of clear can'ot extracts 
ranged between 25 and 70% of the activity of the corresponding 
suspensions. The enzyme was found to be more soluble when old car- 
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rots were used and its solubility from fresh carrots increased during 
storage at 4°C., probably as a result of autolytic processes. A sus- 
pension of fresh carrots with a Qcoa value of 0.32 for example, gave an 
extract with a Oco, of 0.08. Pieces of the same carrots were storred in 
the refrigerator for 4 days and the Qco. value of an extract prepared 
after that period of time was found to be 0.21, f.e., the solubility in- 
creased from 25 to 66^. Table III illustrates the course of an experi- 


TABLE III 

Compaiison between Suspension and Extract from Fresh Carrots 


Min. 

1 mm » COi liberated at pH 5 9 and 37®C 

Suspension 

0 9 g carrots 

buspension 

0 54 g canots 

Extract from 

0 9 g canots 

10 1 

1 

26 


20 

‘ 69 

41 1 

1 34 

30 

' 88 

53 

42 

40 1 

1 100 

59 

51 

50 1 

1 111 ' 

' 66 

54 

60 1 

1 117 

1 w 

57 

80 

129 

76 

63 

100 

140 

85 

67 

120 

140 

85 

72 

^co. 

0.287 

0.289 

0.127 


ment in which the acti^’ity of a suspension is compared with that of a 
clear extract, containing 44^ of the total acti\dty. From a comparison 
between the acti\’ities of suspensions containing 0.9 g. and 0.54 g. of 
carrots in the same table it can be seen that there is good proportion- 
ality between the amount of suspended material and the volumes of 
COi formed. 


4- Effect of Storage and Dialysis 

Whole carrots, when stored for several weeks at 4®C., showed no 
loss in glutamic acid decarboxylase content. Carrot extracts, however, 
retained constant activit3^ only for about 24 hrs. and then gradually 
became less active with a loss of about 25% in 3 days. The behavior of 
glutamic acid decarboxylase in this respect resemblgd that of di- 
oxyphenylalanine decarboxylase from pig kidneys (4), in which case 
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no change in activity was observed on storage of whole kidney's for one 
week, whereas extracts lost about one-half their activity within 2 days. 

Glutamic acid decarbox 3 dase from carrots lost activity much faster, 
as compared to the rate of inactivation on mere storage, when its 
solutions were dialyzed against m/15 phosphate buffer pH 6.4 at 4®C. 
(see Table IV). These observations were interpreted as probably being 
due to removal of a prosthetic group. The activity of extracts sub- 

TABLE IV 

Effect of Storage and Dialysis on Activity of Carrot Exttacts 


mm.® COi libeiated at pH 5 9 and 37®C. 



Fresh cxtiact 

Stoied 18 his. 

Dialvzcd 18 hrs. 

10 

29 

29 

17 

20 

50 

48 

24 

30 

66 

65 

31 

40 

76 

72 

34 

50 

85 

78 

35 

60 

91 

82 

38 

80 

100 

86 

41 

100 

105 

92 

43 

120 

108 

94 

44 


TABLE V 


Effect of Pyridoxal on the Activity of Dialyzed Carrot Extract 


Min. 

mm.'* COs libeiated at pH o 9 and 37®C. 

Stored 18 hrs. 

Dialyzed 18 hrs. 

Dialyzed 18 hrs. 

5 mg. pyridoxal added 

10 

37 

29 

39 

20 

64 

63 

74 

30 

84 

78 

91 

40 

100 

91 

103 

50 

no 

98 

113 

60 

116 

103 

118 

80 

125 

111 

124 

100 

131 

117 

132 

120 

134 

123 

138 

Qcoj 

0.32 

0.25 

0.33 



















Inactivation of Glutamic Acid D(3carboxyla^e in Cairo! by I>itilybLs and Restoration 

of Activity on Addition of Phosphate 


4K2 orro sriivLBS, Virginia mim>s and selma s. schaler 



10 30 50 MIN. lO 30 50 MIN. 

Explanation of Symbols; 

E — Stored extmct PD — Dialyzed cxtiwl, jiyinloxal phosphate added 

r> — Dialyzed extract All curves are coriected for volume chauf^t's during cUalysib 
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jected to dialysis wass restored by incubation with pyridoxal, as shown 
in Table V. A much more pronounced activity, even considerably 
beyond that of the original extract, occurred, however, when small 
amounts of ^‘phosphorylated’’ pyridoxal ‘ instead of pyridoxal were 
added. Fig. 1 shows the slow inactivation ot an extract during storage, 
the progressive loss of acti\dty on dialysis and the restoration of high 
activity on addition of an amount of pyridoxal phosphate, equivalent 
to 40 7 of its barium salt in each experiment. During the course of 
dialysis a point was finally reached at which irreversible changes took 
place, most likely on the protein moiety of the enzyme molecule. 
After 88 hrs. of dialysis the addition of pyridoxal phosphate still re- 
sulted in an activation but the activity of the stored extract was not 
reached any more. 


Discussion 

The finding that clear solutions of glutamic acid decarboxylase from 
plants can be obtained with ease makes it difiicult to explain Okunuki\«^ 
contrary results. It is possible that Okunuki did mOvSt of his solubility 
experiments with pollen of Lilium auratum and that the enzyme from 
this source is much less soluble than from other material. The com- 
paratively low activity assigned by Okunuki to carrots may verj" well 
be due to losses during the removal of juice by means of a hand press. 
Carrots have a water content of 83-91 (5) so that 100 mg. dry powder 

used by Okunuki is equivalent to GOO-1 100 mg. of fresh carrots. The 
formation of 41 mm.^ CO 2 by 100 mg. dry powder in 30 min., which 
corresponds to about 20 mm.® in 10 min. (see Table III), would there- 
fore result in a Qco. of 0. 1-0.2, which is of the magnitude expected for 
the amount of enzyme left behind during extraction. 

The ease with which the plant enzyme loses its prosthetic gi’oup on 
dialysis is in contrast to observations by Taylor and Gale (6) with 
bacterial glutamic acid decarboxylase from coliform organisms, where 
a resolution could not be accomplished, suggesting to these authors 
the absence of codecarboxylase. A resolution of the bacterial enzyme 
(from E. coU Xo. 4157 A.T.C.C.) was obtained, however, on dialysis 
by Umbreit and Gunsalus (7), who showed that full activity could be 
restored on incubation with pyridoxal and adenosine triphosphate, 
apparently with an enzymatic phosphorylation of pyridoxal as an 

” Obtained through the courtesy of Dr. W. W. Umbreit. 
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intermediate reaction. The exact structure of the prosthetic group of 
bacterial amino acid decarboxylases has not as yet been definitely 
proved. Gale and Epps (8) reported that purified ''codecarboxylase” 
from 3’'east did not contain phosphorus, but Baddiley and Gale (9) 
confirmed the effectiveness of pyridoxal phosphate as activator for 
several bacterial apodecarboxAdases and found 0.8*-!. 0% P in code- 
carboxylase from j^east. 

The possibility that the treatment of pyridoxal with phosphorylating 
agents (10), which eliminates the need for ATP, might produce, not a 
P3?Tidoxal phosphate but a phoisphorus-free pyridoxal derivative, has 
been mentioned by Umbreit, Bellamy and Gunsalus (10) to reconcile 
the earlier discrepancies. It has recentty been shown, however, (11), 
that an actual phosphorylation of pyridoxal takes place by treatment 
mth POCI3, resulting, one is inclined to assume (12), in the formation 
of a phosphoric acid ester of pyiidoxal by condensation with the 
hydroxymethyl group in position 5. The synthetic product contained 
(as Ba-salt) Q.2% P, i.e. 1 atom of phosphorus mol of pyridoxal (11). 

Regardless of what the final structure of "pyridoxal phosphate” 
will turn out to be, the experiments reported in this paper show that 
an amino acid decarboxylase from higher plants is activated by the 
same pyridoxal derivative which was discovered by Gunsalus et al. 
(10, 12) to be necessary for activation of the bacterial enzymes. The 
results obtained with higher plants are, therefore, additional evidence 
for the importance of vitamin Be derivatives in the protein metabolism 
of living tissues. 

Summary 

1. The distribution of glutamic acid decarboxylase in a variety of 
higher plants has been investigated. Squash, avocado and green pepper 
were found to be particularly rich sources of this enzj’^me. 

2. A method is described for the preparation of clear solutions of 
glutamic acid decarboxylase from carrots. 

3. The resolution of this enzyme into protein carrier and prosthetic 
group is accomplished by dialysis at pH 6.4. 

4. The addition of pyridoxal and particularly of small amounts of 
"pyridoxal phosphate” (a pyridoxal derivative obtained by treatment 
of pyridoxal vrth POCI3) to solutions of the apoenzyme restores en- 
zymatic activity. This finding suggests that "pyridoxal phosphate” is 
the prosthetic group of glutamic acid decarboxylase in higher plants. 
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Introduction 

Application of the newer physical methods to the study of viruses 
has yielded a large amount of information about these infectious 
agents. Sufficient physical measurements have now been obtained for 
tobacco mosaic (1, 2), tomato bushy stunt (3, 4, 5), vaccinia (6, 7, 8), 
rabbit papilloma (9, 10) and influenza (11, 12) viruses to provide fairly 
reliable pictures of their ultimate particles. 

Recent isolation of southern bean mosaic virus (13, 14) afforded an 
opportunity for applying some of the same procedures to obtain a 
physical picture of its particles. Its size was determined, on an an- 
hydrous basis, by sedimentation, viscosity, diffusion and pycnometric 
partial specific volume measurements. The question of hydration was 
afterwards answered by sedimenting the virus in solvent media of 
varying densities. It was then possible to deduce the shape of the 
pai’tides and calculate their size on a hydrated basis. 

Additional information about the virus was obtained by analyzing 
it for elementary composition. 

Experimental 

Except when otherwise indicated, all studies were carried out with noncrystalline 
virus preparations, obtained by centrifugal and chemical methods as described else- 
where (14). 

‘ Present address — Biochemical Research Foundation, Newark, Delaware. 

* Present address — Dcpai-tment of Kology, Univeraty of Pittsburgh, Kttsburgh, 
Pennsylvania. 
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Sedimeniation Studies, Sedimentation measurements were made in 0.1 M pota^um 
phosphate buffer at pH 7.1, in a Bauer-Hekels analytical centrifuge (15) equipped 
with a Svensson optical system (16). Sedimentation diagrams, shown in f^g. 1. 





12077 ^ 171 .. 


Fig. 1 

Svensson Sedimentation Diagi’ams of Southern Bean Mosaic Vims 
Virus concentration, 0.5 g./lOO ml.; centrifuge speed, 14,800 R.P.M.; 
angle of inclined slit, 60® 


indicated the presence of only a single component possessing a high degree of homo- 
geneity. The sedimentation constant at a virus concentration of 0.5 g./lOO ml. was 
114 S, corrected to water at 20®C. 

The relationship between virus concentration and the reciprocal of the sedimenta- 
tion rate is shown graphically in Fig. 2. from which it is seen that similar results were 
obtained with chemically isolated and centrifugally isolated virus preparations. A 
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Straight line was fitted to the data by the method of least squares. The sedimentation 
rate obtained by extrapolation to zero concentration was 115 S, 

Viscosity Studies. Viscosity measurements were made in 0.1 M potassium phosphate 
buffer at pH 7.1 in an Ostwald viscometer. One sample of virus obtained by high 
speed centrifugation and two samples representing pooled mixtures of chemically and 
centrifugally isolated virus preparations were used. The results are shown in Fig. 3. 
As will be seen, the data indicated a straight line relationship between specific 
viscosity and virus concentration. 



Fig. 2 

Relationship between Virus Concentration and Reciprocal of Sedimentation Rate 
The sedimentation rates are corrected to 20®C. 

It has been shoT^m by Lauffer (17), for tobacco mosaic virus, that if the sedimenta- 
tion data are corrected for viscosity of the solution, instead of for that of the solvent, 
the sedimentation constant is independent of concentration. When the same sort of 
corrections were made for the present data, the sedimentation constant of southern 
bean mosaic virus was likewise found to be independent of concentration. 

Diffusion Studies. Diffusion analyses were made at three different virus concentra- 
tions in 0.1 M potassium phosphate buffer at pH 7.1 at 0.3®C. in the electrophoresis 
cell as used by Longsworth (18). All values were corrected to 20®C. with water as the 
solvent. Figures shown in Table I for the diffusion constant, calculated by two differ- 
ent methods, agreed well. Any effect which concentration of virus may have had on 
diffusion rate was apparently too slight to exceed experimental error over the con- 
centration range studied. The final average, 1.34 X 10“^ sq. cm./sec., was, therefore, 
calculated. Theoretical concentration gradient curves were congruent with the 
observed ones, indicating that free diffusion took place. 
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Diffusion constant measurements determined from sedimentation diagrams pro- 
vided a more sensitive test fl9) for homogeneity- Data from the sedimentation experi- 
ment illustrated by Fig. 1 were used. Tracings of the top and the bottom edges of 
the Svensson curves differed seriously in earlier exposures but agreed more closely in 
the later ones. By the maximum height-area method, agreement between results 
calculated from the upper and lower tracings were fairly good for the 100- to 120- 
minute photographs. The average diffusion constant was 1.23 X 10”^ sq, cm./sec., 



Fig. 3 

Belationship between Vims Concentration and Specific Viscosity 
TABLE I 


Diffusion Measurements on Southern Bean Mosaic Virus 


Viius pwnaiatioii no. 

Vinw concentration 

Diffusion constant 

1 

Maximum height- | Inflection point 

aiea method j method 


1/.//00 ml. 

'*q. em.lxtf. X lU' 

sy. cm.ttyfi'. X 

1 

0.50 

IM 

1.30 

1 

1.12 

1.35 

1.42 

2 i 

0.74 

1.20 

1.20 

Average Dm 

1.35 

1.33 


Final awrage Dm 


1.34 
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corrected to water at 20°C* Had the virus been inhomogeneous with respect to size, 
the sedimentation diagrams should have j’ielded abnormally high diffusion constants. 
For example, a standard de\dation in sedimentation rate of 2% due to differences in 
particle sizes would have given an apparent diffusion constant of about 2,9 X 10“^ 
under the sedimentation conditions used. Thus the actual value obtained in the 
present work, though probably subject to certain optical errors, is contrary to an 
interpretation of inhomogeneity. 

Partial Specific Volume Studies, Measurements of partial specific volume on a dry 
basis were carried out pycnometiicaJly in distilled water. Amounts of solids present 
in each test were determined by transferring aliquots to weighed porcelain ignition 
boats, evaporating to dryness in a desiccator at room temperature and finally drying 
to a constant weight in vacuo at 100®C. A measurement on noncrystalline virus at 
8.20 g./lOO ml. in a 25 ml. pycnometer at 26®C. yielded a value for the partial specific 
volume of 0.687 ml./g. Twice crystallized material, at 3.10 g./100 mi. in a 10 mi. 
pycnometer at 30®C,, gave a value of 0.705 ml./g. In the latter determination, the 
distilled watei against which the sample was first dialyzed was made weakly alkaline 
with NaOH to prevent crystallization of the virus (20). Since both the noncrystalline 
and crystalline virus preparations used were completely homogeneous when tested by 
moving boundary electrophoretic analysis (21) and, fui’thermore, as will be shown 
later, revealed no appreciable differences in elementary composition, the average 
value of partial specific volume was calculated, namely, 0.696 ml./g. 

Hydration Studies. Measurements of partial specific volume on a hydrated basis 
were made by the method of sedimentation in solvents of varying densities (22). 
Solutions of sucrose in an electrolyse medium of 0.1 ilf potassium phosphate buffer 
at pH 7.1 were used for this purpose. Values for the densities of sucrose solutions were 
obtained from standard tables, and viscosity values were obtained by direct measure- 
ments at 25.8®C. combined with interpolation of data by Bingham and Jswskson (23). 

In Fig. 4 the sedimentation rates of the virus, corrected to water at 
20°C. for all factors except the density due to the sucrose, are plotted 
against the densities of the medium. At a concentration of 50% sucrose, 
where the density was equal to 1.230, no sedimentation occurred. Thus, 
the density of the particles under these conditions also was 1.230, 
corresponding to a partial specific volume of 0.813 ml./g. 

As pointed out by other investigators employing this method (7, II, 
12), the curvature of lines such as shown in Fig. 4 indicates either a 
dehydrating action of the medium at high concentrations or an actual 
combination of the molecules of the medium with the sedimenting 
particles, or both. This effect can be corrected to a certain extent by 
the construction of tangents to the curves at points of zero concentra- 
tion of suspending medium. The present data -were, therefore, fitted 
to an equation of the general form, y = a + bx + namely, 
S == 862.1 — 955.5 d + 207.4 where S represents the sedimentation 
rate of the virus and d the density of the medium. The slope of the 
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tangent at the point of zero concentration of the suspending medium 
was calculated by differentiating the given equation and substituting 
for d the density of water at 20®C. The tangent obtained, shown by the 
dotted line in Fig. 4, intercepted the ordinate of zero sedimentation at 
a density value of 1.21, corresponding to a partial specific volume of 
0.827. The small degree of departure of the tangent from the experi- 
mental curve suggested that the dehydrating or combining actions of 
the sucrose medium on the virus particles were slight. 



Fig. 4 

Relationship between Sedimentation Rate of Virus and Dendty of Sucrose jMedium 
Circular points represent experimental results. The continuous line was drawn 
from an equation to which the ^ta were fitted. The dotted line is the tangent to the 
curve at the point of zero concentration of the suspending mecfium. 

Calculations of Size, Shape and Degree of Hydration. The particle 
weight of southern bean mosaic virus on an anhydrous basis was cal- 
culated by means of the Svedberg equation (24, eq. 3a) 

D{1 - V,) 

in which M is the particle weight; B, the gas constant; T, the absolute 
temperature; s, the sedimentation constant; D, the diffusion constant; 
7, the partial specific volume; and p, the density of the solvent. For 
substitution in this equation, s was taken as 115, the sedimentation 
constant at zero concentration. Since the value of the diffusion constant 
at zero concentration was not available, it was estimated as follows on 
the basis of a viscosity correction assumed to apply to diffusion as well 
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as to sedimentation (17): the value of the diffusion constant, 1.34 
X 10“’^, at the average concentration tested, 0.8 g./lOO ml., was 
multipUed by the relative viscosity of the solution, 1 035, obtained from 
Fig. 3, to give the theoretical value, 1.39 X 10“^ at infinite dilution. 
Substitution of these values in the above equation gave a value of 6.63 
millions for the particle weight of the virus. 

The same corrected values were used, as recommended by Oncley 
(25), for the calculation of the ratio of the observed molecular frictional 
constant, /, to that of a spherical particle of the same weight, /o, ac- 
cording to the equation (24, eq. 70b), 



The frictional ratio thus calculated was 1.25 For anhydrous particles, 
this value corresponded to an aidal ratio, ajh, of 5 to 1, based on the 
equation of Perrin for oblong ellipsoids (24, eq. 71), 


///o = 


Vl - {hlaY 

(6/a)*/« In ^ 

Q>/a) 


where a is the major and 6 is the minor axis. For spherically shaped 
particles, on the other hand, the frictional ratio indicated the combina- 
tion of 0.67 g. of water with each g. of anhydrous virus, calculated from 
the equation of Kraemer (24, eq. 125), 



where r represents the number of grams of component 2 combined with 
1 g. of component 1, and Vt and Vi represent the partial specific 
volumes of components 2 and 1, respectively. If the value for the 
diffuMon constant was not corrected for viscosity as indicated above, 
the calculated axial ratio was 5.5 to 1 and the hydration, 0.78 g. of 
water/g. of virus. 

The intrinsic viscoaty of the virus, which is defined as the 
limiting value at infinite dilution of the specific viscoaty divided by 
the volume fraction of the virus, was calculated from the data of Fig. 3 
to be 6.35. For anhydrous particles, this value indicated an axial ratio 
of 5.5 to 1 based on Simha’s equation (26, eq. 6a), 
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r- -I _ my jaiby 14 

15 (In 2alb - 3/2) 5 (In 2a/b - 1/2) 15 

where the symbols have the significance indicated in previous equa- 
tions. Alternatively, however, for spherically shaped particles, the 
viscosity data pointed to a combination of 1.07 g. of water/g. of an- 
hydrous virus, calculated by means of Einstein’s equation (27), 

ri/r]o — 1 = 2.5 4>, 

where ^ represents the volume fraction of the solute. 

The value, 0.827, for the partial specific volume of the hydrated 
virus particles based on the tangent to the curve of Fig. 4 showing the 
relationship of sedimentation rate to density of sucrose medium, taken 
in conjunction with the value, 0.696, determined pycnometrically for 
the anhydrous particles, indicated a combination of 0.76 g. of water 
with each g. of anhydrous virus, calculated by means of the equation 
of Lansing and Kraemer (24, eq. 117), 

(r + 1)7« = rVi + Vi 

where r, 7i and 7j have the meaninp already indicated, and 7i2 
represents the partial specific volume of the component formed by the 
combination of components 1 and 2. This value for the hydration of 
spherical particles falls between those calculated from the frictional 
ratio on the one hand and from viscotity measurements on the other. 
The choice of hydrated spherical particles as an interpretation of the 
data thus appeared to be correct. 

In all of the above calculations of hydration it was assumed that the 
density of water bound to the virus particles was the same as that of 
free water, and that the anhydrous partial specific volume of the virus 
was essentially constant over the temperature range 20-30‘’C. Since 
each method of determining hydration may be subject to theoretical 
as well as experimental error, an average figure of hydration of 0.83 g. 
of water/g. of anhydrous virus was calculated. On this basis, the hy- 
drated, spherical virus units possessed a particle wei^t of 11.6 millions 
and a diameter of 312 A. If uniform shrinkage occurred during drying, 
the dehydrated particles would have a diameter of 244 A. 

The correctness of the above picture of southern bean mosaic virus 
is further corroborated by the fact that electron micrographs of purified 
preparations of the virus also indicate the ultimate units to be spherical 
in diape (14, 28). 
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Elementary Analysis. Analyses of southern bean mosaic virus for elementary 
composition are shown in Table II. All measurements, except the Kjeldahl nitrogen 


TABLE II 

Elementary Analysis of SouOiem Bean Mosaic Virus 





N 

P 



Virus preparation 

c 

H 

Dumas 

Kael- 

dahl 

Pregl 

King 

iS 

Ash 

I. Uncrystfjlized 

II. Crystallized from 



16.74 


1.76 



6.38 

water 

III. Crystallized from 

45.96 

6.66 

17.33 


1.87 



5.20 

acetate 

45.82 

6.44 

17.21 



1.92 


5.00 

Average 

45.64 

6.54 

17.0 

1.89 

1.34 

5.68 


and the King (29) phosphorus determinations, were made by Dr. Adalbert Elek. 
The samples before analysis were shown to be homogeneous by electrophoretic tests 
(21). The agreement in values for the different preparations was good except for 
sulfur for which reproducible results were not obtained. Preparations I and III, 
corre^nding to the noncrystallized and crystallized virus samples employed earlier 
in the pycnometric measurements of partial iqredfic volume, do not reveal agnificant 
differences in composition. 

Discussion 

Compared in size with other presumably spherical plant viruses, 
southern bean mosaic virus with an anhydrous particle weight of 6.63 
millions is smaller than bushy stunt virus, 7.6 to 10.6 millions (3, 4, 5), 
possibly about the same size as Princeton, Potato and Tobacco VI 
strains of tobacco necrosis virus, based on similarity in sedimentation 
rates (30, 31, 32), and larger than tobacco rinppot virus, 3.4 millions 
(33), alfalfa mosaic virus, 2.1 millions (34), and the Eothamsted 
strains of tobacco necrosis virus, 1.6 to 1.85 millions (35, 36, 37). It is 
smaller in size than the rod-shaped tobacco mosaic virus, a repre- 
sentative strain of which has a particle weight of 31.6 millions (2). 

The partial specific volume of southern bean mosaic virus, as well as 
that of other viruses, particularly the spherical ones, is lower than that 
of the more common smaller proteins (24). This mSly be rdated to the 
nucleic acid content of viruses since nucleic add isolated from tobacco 
mosaic virus has been shown by Cohen and Stanley (38) to have a low 
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partial specific volume of 0.578. As suggested by Krie and coworkers 
(30), the nucleic acid content, by virtue of the phosphate radicals, may 
also be related to the high ash content. 

The nitrogen content of southern bean mosaic virus appeared higher 
than that of other viruses. The sulfur and pho^horus contents, very 
similar to those of strains of tobacco necrosis \'irus (30, 32, 35), also 
were relatively high, the phosphorus value, 1.9%, bemg exceeded only 
by that of tobacco ringspot virus, namely, 3.2-4.1% (33). 

SUMM.VRY 

Southern bean mosaic virus has been shown by sedimentation, 
viscosity, diffuaon and pycnometric partial specific volume measure- 
ments to have an anhydrous particle weight of 6.63 millions. The ratio 
of the observed molecular frictional constant to that of a spherical 
particle of the same weight was 1.25, corresponding to anhydrous 
particles wit^ an axial ratio of 5 to 1, or, alternatively, to spherical 
particles hydrated to the extent of 0.67 g. of water/g. of anhydrous 
virus. Viscosity data indicated similarly either an axial ratio of 5.5 to 1 
for anhydrous particles or a hydration of 1.07 g. of water/g. of virus 
for ^herical particles. Sedimentation measurements in sucrose media 
of varying densities indicated a hydration of 0.76 g. of water/g. of virus 
and thus established unambiguously the hydrated spherical nature of 
the virus unit. From the average value of hydration obtained by the 
three methods, a wdi^t of 11.6 millions and a diameter of 312 A were 
calculated for the virus in the hydrated state. On the assumption that 
uniform shrinkage occurred during dr3ning, the dehydrated particles 
vrere calculated to have a diameter of 244 A. 

The elementary composition of the virus was found to bo 45.64% C, 
6,54% H, 17.0% N, 1.89% P, 1.34% S, and 5.68% ash. 
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Introduction 

The methyl ester groups of pectin may be removed by the action of 
acids, alkali or the enzyme pectin-methylesterase (PM). Partially 
demethylated or “low methoxyl” pectinic acids have recently attracted 
considerable attention because of their ability to form gels with less 
sugar than is required for pectin. PM is therefore a useful aid in pre- 
paring and studying low ester pectins, as well as a tool in studying the 
structural complexities of pectin itself. 

PM is widely distributed in the plant kingdom. However, there are few sources 
which contain it in abundance. Alfalfa, tobacco and lilac leaves (1), and egg plant 
(2), for example, have been shown to contain moderate PM activities. Kertesz (3, 4) 
has shown that tomato fruit is relatively rich in the enzyme and, more recently, 
MacDonnell, Jansen and Lineweaver (5) have demonstrated that orange flavedo and 
albedo are also good sources. Dry preparations of the enzyme, such as might be 
useful for commercial and experimental work, have been prepared from clover (6), 
tomato fruit (2) and orange flavedo (5). Kertesz (4), and Willaman and Hills (2) have 
shown that the PM in coixuninuted tomatoes is largely adsorbed on the pulp. The 
latter authors “desorbed” PM by raising the pH of the juice to between 5 and 7, 
By filtering such a mixture, the eluted enzyme could be obtained in the filtrate. 
Tliey also prepared a powdered form of the enzyme by squeezing the serum from 
conuninuted tomatoes through a suitable filter cloth and dehydrating the resultmg 
pulp in acetone and air. This product contained 86 PMU/g.* MacDonnell, Jansen and 


* Approved by the Director of the New York State Agricultural Experiment Station 
for publication as Journal Paper No. 667. Presented before the Atlantic City Meetmg 
of the American Chemical Society, April 10, 1946. 

* The term PMU refers to pectin methylesterase units as defined by Kertesz (3). 
In our work slight modifications of the original procedure have been introduced, in 
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Lineweaver (5) extracted orange fiavedo with borate-acetate buffer at pH 8.2 and 
precipitated the enzyme from the extract by “0.6 saturation” with ammonium 
sulphate. The precipitate dried in vacuum at 5®C. contained 1,395 PMU/g.® 

It is the purpose of this paper to report methods by which con- 
centrated solutions and dry preparations containing 200,000 PMU/g. 
may be obtained from tomatoes. 

Experimental 

The observation was recently made in this laboratoiy that a small 
precipitate was formed when tomato extract made by the method of 
Willaman and Hills (2) from the frozen comminuted fruit was dialyzed 
against distilled water until Cl"” free. Tests showed that less than 1% 
of the original PM activity remained in the filtrate and presumably 
the remaining activity was in the precipitate. The precipitate was 
separated by centrifuging and extracted by standing a short time with 
10% NaCl solution. When the undissolved material (which included 
red pigments) was centrifuged off, the resulting extract contained about 
50% of the PMU theoretically present in the precipitate. Dialysis of 
this extract resulted in another precipitate. The supernatant liquid 
contained less than 5% of the activity which had been present. The 
precipitate was again separated and extracted with a smaller volume 
of salt solution. Although much of the solid material remained un- 
dissolved, 98% of the theoretical PM activity was found in the extract 
after the solids were centrifuged off. Repetition of these experiments 
show^ed that, after the large initial loss, practically no further losses 
occurred in subsequent dialysis-salt extraction cycles and that, by 
diminishing the volume of salt solution for succeeding extractions, the 

that a Beckman pH meter was used to follow pH changes and the determinations 
were made at pH 7.0 instead of 6.2. The substrate was a 0.5% solution of 190 grade 
California Fruit Grower’s Exchange citrus pectin with NaCl added to a concentration 
of 0-1 M. The reaction temperature was 23®C. The activities obtained are slightly 
higher than in the original method. 

. s Lineweaver and Ballou (7) have recently suggested a different expression for 
PM activity, which they name pectinesterase unit [PE. u.], and state that one [PE. 
u.] is equivalent to 930 PMU. Although conditions chosen for the [PE. u.] estimation 
vary slightly from those used in this work for PMU determinations, salt concentration 
and pH optimum curves (7) and experience in this laboratory show that the activities 
obtained by the two methods at equal temperatures are nearly identical. In this 
paper we have quoted some data of earlier investigators, converting the PM activities 
to PMU for convenient comparison. 
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purity and concentration of the enzyme could be greatly increased. A 
very small quantity of a solution containing 176,000 P^IU/g. of dry 
matter was actually obtained in this way. 

This would seem to be a useful method for concentrating and purify- 
ing the enzyme, but on a large scale it would be impractical because 
of the great volume of material Avhich would have to be dialyzed. 
Consequently, two supplementary procedures Avere developed for 
reducing the volume of large quantities of juice before applying dialysis. 

In the first procedure, the enzyme is desorbed, then both the 
suspended solids and water are removed by freeze concentration while 
dissolved materials including the PM, sugars and organic acids, etc., 
remain in the concentrate. In the second procedure the suspended 
particles, containing about 95% of the enzyme, are separated from the 
serum by centrifuging or filtration and the PM then eluted in a small 
quantity of salt solution. 

Procedure I 

Approximately two bushels of ripe tomatoes were comminuted in a stainless steel 
hammermiU. Sufficient 6 N NaOH was then added to raise the pH to about 8. After 
standing for 24 hours at 1°C., the skin debris and seeds were removed in a stainless 
steel basket centrifuge using a cloth filter. The turbid, red filtrate was slowly frozen 
at about — 11®C. in large aluminum containers. The frozen mass was removed from 
the containers and disintegrated in the hammermill at l^C. Because of the high 
melting point of this low-solids juice, it was possible to separate the liquor from the 
ice in tihe basket centrifuge ^ at room temperature. In fact the ice remained too cold 
(— 6®C.) for best separation and retained considerable PM activity. The raw ice 
before concentration contained a total of 676,000 PMU; the ice remaining after 
concentrating contained 205,800 PMU; and the concentrated liquor contained 
471,500 PMU. The filtrate was refrozen at — 22®C. As the remaining ice still con- 
tained about 30% of the total activity, it was allowed to come to — 2®C. and re- 
centrifuged at room temperature. The resulting filtrate was more dilute than the 
first, but over 2/3 of the enzyme content of the ice was recovered. This filtrate was 
also frozen at — 22®C. Each frozen filtrate was again concentrated by comminuting 
in the hammermill and centrifuging, and the filtrates combined. The total PMU 
present in the combined filtrates was about 600,000. The concentration of enzyme 
was 825 PMU/g. of dry matter or 278 PMU/mg. of total nitrogen. 

An amount of combined filtrates (3,500 ml.) containing about 325,000 PMU was 
dialyzed in large viscose sausage casings for three days against distilled water. The 
precipitate which formed was allowed to settle and separated from the supernatant 
liquid by decanting and centrifuging. The filtrate contained only 0.02% of the 
ori^nal activity. The precipitate was extracted at 30*^0. for one hour, first with 400 
ml. of 10% NaCl solution, then twice with ^ ml. of 10% Nad solution, and finally 

* The use of a cloth filter was unnecessary in these operations. 
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once with 200 ml. of 10% NaCl at pH 6.2 (adjusted with 0.5 N NaOH). A total 
volume of 1,150 ml. was obtained which contained 60% of the theoretical amount 
of enzyme present in the precipitate. Subsequent dialysis operations were carried 
out in a rocking dialysis machine, the solution containing enzyme being placed in a 
viscose sausage casing along with a marble to give constant stirring. Three additional 
cycles of the dialysis precipitation and extraction with decreased volumes of salt 
solution were carried out and the undissolved material left after each extraction 
removed by centrifuging. A 12 ml, solution containing 0.8856 g. of dry matter was 
obtained. The activity of this preparation was 146,500 PMU/g. of dry matter and 
2,360 PMU/mg. of total nitrogen. The overall 3 del(i was, therefore, 40%. However, 
it should be pointed out that most of the loss occurred during the first dialysis and 
extraction cycle. Adjusting for the losses due to sampling at the different stages of 
operation, the per ceni loss of activity in the later cycles was less than 10%. The 
PMU/mg. of total nitrogen had been raised from 278 in the combined filtrates to 
2,360 in the final product. The PMU/g. of dry matter had been raised from 825 to 
146,500, One-tenth ml. of the concentrate (146,000 PMU/ml.) was made up to 10 ml. 
with 10% NaCl solution in a 125 ml. Erlenmeyer, and distilled water added with 
stirring until the solution began to turn milky. A minute amount of additional NaCl 
solution was then stirred in to redissolve the forming precipitate and 95% ethanol 
slowly added until the mixture just became opalescent at 25®C. It was then warmed 
at 30®C. for one hour and set in a large beaker containing water at 30°C. and placed 
in a 0°C. cold room for several weeks. The precipitate which slowly settled out was 
collected by centrifuging and redissolved in 5 ml. of 10% NaCl. This solution con- 
tained a total of 135 PMU (27 PMU/ml.). The supernatant was found to contain 
108 PMU/ml. in 100 ml. Total nitrogen and dry matter were run on this sample and 
it was found to contain 3,820 PMU/mg. N and 216,000 PMU/g. dry matter. 

Procedure 11 

The observation that, in fresh ground tomatoes, most of the PM is in the insoluble 
pulp, suggests another method by which a concentrated starting material for dialysis 
may be obtained. The pulp can be prepared from whole tomatoes (2) or it may be 
obtained as a waste product from tomato juice canning plants employing the cold 
break process. As no actual cannery waste was available at the time of these experi- 
ments a preparation simulating it was made from tomatoes which had been ground 
in the hammermill and frozen for storage. The frozen material was thawed and 500 ml. 
of it taken for the preparation. The serum was filtered from the suspended solids by 
suction and about 100 g. of wet solids obtained. The solids were washed once by 
stirring with 100 xnL of 0.05 N HCl solution and refiltered. Instead of using the 
extraction procedure wherein the pH is raised (2), the final residue was extracted 
overnight by standing with 100 ml. of 10% NaCl at 30®C. The extract was filtered 
off and the residue extracted twice more in the same way for 1 hour periods. The 
first two extracts obtained were combined and dialyzed free of Cl. The resulting 
precipitate was collected by centrifuging and redissolved by standing 4 hours with 
15 ml. of the saline solution at 30®C. The material which remained undissolved by 
this treatment was centrifuged off and the clear extract again dialyzed until salt 
free. The precipitate was again collected and redissolved in 1 ml. of the saline solution. 
After the undissolved material was centrifuged off, the clear extract was found to 
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contain 3,060 PMU/ml., 2,300 PMU/mg. N and 207,000 PMU/g. dry material. The 
following table summarizes the steps in this procedure. 

Small samples of the concentrates obtained were dried in vacuo over PjOt at room 
temperature and showed no significant loss in activity. 

Discussion 

Freezing of the tomato tissue improved the filterability and floccula- 
tion of the enzyme on dialysis. In experiments made to confirm the 
original observation of dialysis precipitation on material which had 
not been previously frozen, the amount of enzyme remaining m the 
filtrate varied from 10% to 50% as compared to less than 10% in the 
prefrozen samples. 

It is diflSicult to explain the large initial loss of PM which occurs in 
the first dialysis precipitation-extraction operation, and why this loss 
does not occur in the later operations. Lack of its recurrence indicates 
that the loss is not due to inactivation by the dialysis or extraction 
but that possibly a portion of the enzyme becomes irreversibly pre- 
cipitated or is occluded with inert particles. 

The dry preparations obtained were some 100-fold more active 
than most active dry preparations previously described. MacDonnell, 
Jansen and Lineweaver (5) did report a solution of orange PM (purified 
by adsorption and elution from diatomaceous earth) which had an 
activity of 2,325 PMU and Jansen and MacDonnell (8) mention an 
orange pectin-esterase containing 2,790 PMU/mg. of protein nitrogen 
as compared with 3,800 PMU/mg. of total nitrogen in one of the dry 
preparations from this laboratory. 

It is apparent that both of the methods described may give highly 
concentrated PM solutions. The saline extraction procedure seems to 
have the advantages of quicker reduction of the total volumes which 
have to be handled and requirement of fewer steps to reach comparable 
concentrations of the enzyme. However, in some laboratories it may be 
more convenient to employ freeze concentration rather than the saline 
extraction procedure. 

Opinions vary concerning the presence m unblemished tomatoes 
of enzymes capable of hydrolyzing the polyuronide skeleton of pectin 
(4, 5). In any case, their presence would be of little significance in 
preparations intended for the demethylation of pectin because the 
activity of this enzyme or enzymes is negligible at the pH values 
ordinarily used in enz 3 rmatic demethylation. 
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Summary 

Procedures have been described for preparing highly concentrated 
solutions of the enzyme pectin-methylesterase from tomatoes. These 
concentrates may be dried in vacuum over phosphorous pentoxide at 
room temperature without significant loss of activity. 


TABLE I 

Extraction of Pedin^Methylesterase from Tomato Pulp 


Sample 

Total 
volume of 
extract ml. 

PMU/ml. 

Total PMU 

Recovery of 
en 23 nne from pii]p,'i‘ 
cumulative per cent; 
Recovery of enzyme 
from dialysis 
precipitates, per cent 

First Extract 


64.80 

6480 

70 

Second Extract 


12.60 

1260 

83 

Third Extract 


4.26 

426 

88 

Dialysis Concentrates: 





First Concentrate 

15 

206 

3085 

40 

Second Concentrate 

1 


3060 

99 


* The whole juice contained a total of 9,750 PMU and a total of 450 PMU were 
lost in the serum. The amount of enzyme which may have been lost in the acid wash 
was too small to detect. The per cent recovery of enzyme is, therefore, based on the 
amount calculated to be left in the solids after the serum had been removed. 
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Inteodtjction 

Recent experiments by Fraps and Meinke (4) have shown that a- 
or j8-carotene dissolved in oil is digested by rats to the extent of about 
60%, while in vegetables they averaged about 35%. Shaw and Deuel 
(7) reported that only 2% of the carotene dissolved in oil remained in 
the gut of white rats 42 hours after feeding. They suggest that the 
difference between the complete absorption reported in their tests and 
the incomplete absorption reported by other investigators may be due 
to the preliminary fasting period to which their rats were subjected. 
In other words, continuous intake of food may carry carotene from the 
intestines before digestion and absorption is complete. 

This hypothesis raises the question whether rats fed on a bulky 
diet, digest, or utilize for storage of vitamin A in the liver, carotene 
to a lesser extent than those fed on a more concentrated diet. Too, the 
manner of feeding and the percentage of protein in the ration may also 
affect the digestibility and utilization of carotene. 

Experimental 

Rats 28 days old from females fed a ration low in vitamin A were paired as to 
sex and litter in groups of 12 rats each in individual cages. One group reedved a 
ration containing com meal or starch 59%, casein 22%, non-inadiated yeast 9%, 
cottonseed oil 4%, salt mixture 4%, irradiated yeast 1% and sodium chloride 1%. 
Other groups reedved a similar ration in which part of the com meal or starch was 
replaced by the substance to be tested. Each group reedved purified mystalline 
carotene (1) dissolved in 0.1 cc. cottonseed oil. After the carotene had been fed for 


* With the technical asdstanco oi Jeanne De Mottier. 
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14 days, the rats were killed on the 16th day and the livers individually analyzed for 
spectrovitamin A (2, 3). The excrement was collected daily and placed in cold storage 
until analyzed. Crude carotene was determined in the excrement, and the carotenoid 
constituents of the crude carotene and the purified crystalline carotene ascertained 
by chromatographic adsorption on calcium hydroxide (6). The carotenes were ex- 
pressed in terms of jS-carotene equivalent (5). With the exception of one experiment, 
60 7 of jS-carotene equivalent were fed daily. To test the effect of the constituents 
of the ration on the stability of carotene, 100 g. of several feeds were mixed with 2 g. 
of cottonseed oil containing 600 7/g. of purified carotene and the carotene determined. 
After incubation at 37°C. for 10 days, ^otene was again determined. Starch and 
ground filter paper destroyed high percentages of carotene under these conditions. 
The rations and other nutrients used did not destroy the carotene. To avoid a possible 
deficiency, 0.5 Of-tocopherol was added to 100 g. of the oils. The effect of bulky rations, 
as provided by cottonseed hulls and agar, the method of feeding and the effect of 
casein and fats of different kinds, was studied as shown in the table. 

Results 

The results are given in Table I. Although starch destroyed carotene 
when mixed with carotene dissolved in oil, the experiments in which 
starch was used gives results similar to those in which corn meal was 
used. Saliva and other digestive juices apparently inhibit the de- 
structive action of starch. Replacing corn meal or starch by cottonseed 
hulls or agar produced a ration with lower productive energy, con- 
sequently smaller rats were obtained. The weights of the moist feces 
were very much greater when the cottonseed hulls or agar replaced 
com meal or starch (Table I). 

The apparent digestibility of the carotene was much less when 
cottonseed hulls replaced corn meal or stai’ch in 5 of the 6 experiments, 
the difference being slight in one experiment; the livers were smaller 
but the parts per million of spectrovitamin A were larger. The quantity 
of spectrovitamin A stored in the livers, in most of the experiments, 
was apparently but little affected by the differences in apparent 
digestibility. The method of feeding the ration had little affect on the 
apparent digestibility of the carotene, but the storage of spectro- 
vitamin A in the liver was less when the ration was withheld after the 
carotene was fed, indicating that the presence of digested food nutrients 
may have aided in storage of vitamin A in the livers. 

The effect of the agar was different from that of the cottonseed hulls. 
The apparent digestibility of the carotene was slightly greater when 
50% agar replaced com meal, but was lower when cottonseed hulls 
were fed. The utilization of the carotene for storage in the liver was 
higher for the agar rations than for the com meal ration. 
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Substitution of casein for part of the corn meal increased the ap- 
parent digestibility of carotene in all three of the experiments, al- 
though the effect of increasing the casein from 18% to 36% was slight 
and not in the same direction in one of the three experiments. Addition 
of the casein also increased the weights of the livers and the quantities 
of spectrovitamin A stored, the increase being in the same direction 
in all three of the experiments. 


TABLE I 

Efect of Bulkj Protein Content and Method of Feeding upon Apparent 
Digestibility of Carotene and Storage of Vitamin A in Livers 



Weight 
of feces 

Apparent 

of carotene 

Aveiage 
weight of 
livers 

Average 
spectro- 
vitamin A 
in hveis 

Speotro- 
vitamin A 
in liver 

Ration removed at 8 A M., caro- 
tene and then ration fed at 
4:30 P.M. 

g /period 

per cent 

(g.) 

7/g. 

7/liver 

Corn meal ration 

111 

79.5 

5.8 

9.6 

55.2 

Cottonseed hulls 50% 

1106 

41.1 

4.3 

12.7 

53.1 

Corn meal ration 

59 

71.3 

4.5 

14.4 

63.3 

Cottonseed hulls 50% 

661 

69.6 

3.5 

17.7 

61.9 

Starch ration 

63 

74.8 

5.8 

11.3 

60.8 

Cottonseed hulls 50% 

Ration removed at 8 A.M., caro- 
tene fed at 1 P.M., ration fed 
at 4:30 P.M. 

868 

36.2 

4.3 

21.2 

85.5 

Starch ration 

61 

80.0 

4.4 

4.0 

17.9 

Cottonseed hulls 50% 

Ration removed at 8 A. M., 120 7 
carotene fed at 8 A.M. next 
day, ration fed at 4:30 P.M. 

1179 

47.4 

4.4 i 

4.7 

205 

Com meal ration 

67 

78.9 

4.7 

6.9 

31.1 

Cottonseed hulls 50% 

434 

53.9 

2.7 

7.9 

20.8 

Starch ration 

33 

87.2 

3.4 

6.9 

23.6 

Cottonseed hulls 50% 

348 

60.3 

2.2 

11.2 

24.5 
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TABLE I — Cofiimted 



Weight 
of feces 

Apparent 
difl^tibility 
of carotene 

Average 
weight of 
livers 

Average 
spectro- 
vitamin A 
in livers 

Spectro- 
vitamin A 
in liver 

Ration removed at 8 A.M., caro- 

g./period 

per cent 

(s.) 


7/liver 

tene fed and then ration fed at 
4a0 P.M. 






Com meal 

76 

84.1 

5.3 

7.9 

40.9 

Agar 50% 

i 1397 

88.2 

3.0 

16.9 

49.0 

Com meal 

76 

74.1 

4.4 

8.9 

34.9 

Agar 60% 

700 

78.0 

3.1 

15.9 

48.0 

Ration offered continuously 






Corn meal ration 

96 

62.8 

3.5 

9.7 

33.8 

Casein 18% 

80 

66.4 

4.3 

7.3 

30.3 

Casein 36% 

74 

67.7 

4.3 1 

9.7 

41.2 

Com meal ration 

82 

71.8 

4.0 

8.6 

33.4 

Casein 18% 

86 

79.3 

6.0 

7.8 

46.1 

Casein 36% 

73 

77.6 

6.2 

10.7 

63.6 

Corn meal ration 

69 

64.2 

2.9 

15.8 

43.8 

Casein 18% 

55 

68.9 

4.0 

16.4 

58.3 

Casein 36% 

47 

70.9 

4.4 

15.2 

64.1 

linseed oil 10% 

69 

69.6 

4.1 

10.4 

42.2 

Cottonseed oil 10% 

64 

73.4 

4.3 

10.8 

45.2 

Iiard 10% 

79 

65.8 

4.2 

9.4 

37.2 

Linseed oil 10% 

56 

68.1 

5.1 

11,7 

58.7 

Cottonseed oil 10% 

78 

56.9 

. 4.8 

19.8 

93.3 

Lard 10% 

69 

59.8 

4.7 

17.5 

82.2 


The apparent digestibility of the carotene was erratic with the three 
oils. The storage of spectrovitamin A was highest with cottonseed oil, 
erratic with the other two. The livers were analyzed individually and 
considerable differences were found in the vitamin A content of livers 
fed on the same ration in the same experiment (5). 
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Summary 

Carotene dissolved in oil fed with a bulky ration due to cottonseed 
hulls had a lower apparent digestibility than when fed with a similar 
ration containing corn meal or starch, but the storage of vitamin A 
in the livers was but little affected. With a bulky ration due to agar, the 
digestibility of the carotene was the same as with the com meal ration. 
Delay in feeding the basal ration after feeding the carotene reduced 
storage of vitamin A in the liver. Substitution of casein for com meal 
increased the apparent digestibility of carotene and storage of vitamin 
A in the liver. The apparent digestibility of the carotene was erratic 
with linseed oil, cottonseed oil and lard containing tocopherol. 
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Introduction 

The isomerization of the monohydroxy-)S-carotene, cryptoxanthin, 
C^HssOH, was observed by Zechmeister and Tuzson (9; cf. Strain 7). 
In those papers, as well as in subsequent studies of Fraps and Kem- 
merer (5), White, Zscheile and Brunson (8), Baumgarten, Bauemfeind 
and Boruff (1), etc., only a single stereoisomer of cryptoxanthin was 
mentioned under the name of “neocryptoxanthin.” It was shown, 
however, in collaboration with Lemmon (9) that under favorable 
conditions a minor isomer, neo-B, can be observed below the neo-A 
zone; furthermore, a neocryptoxanthin U, which is located above the 
■all-tram compound in the calcium hydroxide column can also be 
observed. We believe that the “neocryptoxanthin” mentioned in cur- 
rent literature consisted mainly of neo-A but included a much smaller 
amount of neo-B. 

The biological activity of “neocrsptoxanthin” was first determined 
by Fraps and Kemmerer (5). Since they did not include some small 
zones located just below that of neocryptoxanthin, their results are 
directly comparable with ours. Fraps and Kemmerer foimd the ratio 
of the provitamin A potencies of j8-carotene: cryptoxanthin: neo- 
cryptoxanthin as 1.1:0.6:0.4. The number of rats used and the levels 
administered were not reported. 

* For part IV see Reference 4. 

t Contribution No. 1056. 
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Experimental 

The cr 3 rptoxanthin was obtained from persimmons, Diospyros kaki 
L., from which it had been isolated earlier by Schoen (6). We applied 
a different technique. 

The fruits (which preferably should not be entirely ripe and soft) were ground and 
kept twice for several hours under methanol. After this dehydration, the liquid 
was eliminated in a basket centrifuge (diameter, 20 cm.), whereupon the paste, 
without previous drying, was extracted by two mechanical shakings with petroleum 
ether-methanol 3:1. For 18 kg. of fresh fruit, a total of 15 liters of the latter solvent 
were used. The extract was washed methanol-free, dried, concentrated to 1 liter, 
saponified with methanolic KOH over night, washed alkali-free, dried and developed 
on alumina-calcium hydroxide (1:4) (Alorco Grade P, — 80 mesh; Shell Brand lime, 
chemical hydrate, 98% through 325 mesh) columns with petroleum ether-acetone 
9:1. The main zone, adsorbed in the upper section, was eluted with alcohol, rechroma- 
tographed and crystallized from petroleum ether-methanol. It was identified as 
cryptoxanthin by its spectrum, partition behavior, analysis and mixed chromatogram. 

About 10 mg. of cryptoxanthin in 20 ml. of benzene was catalyzed with iodine and 
illuminated with two fluorescent Mazda lamps (3500°, 40 W; length of tube, 120 cm., 
distance from the solution, 60 cm.) for 3-5 minutes. The stereoisomeric mixture was 
then developed on a 17 X 1.9 cm. calcium hydroxide column (Shell Brand chemical 
hydrate, 98% through 325 mesh) with petroleum ether (b.p. 60-70°C.) containing 
2.6% acetone. With the adsorbent now at our disposal neocryptoxanthin U which 
had been described earlier did not separate from all-^ram-cryptoxanthin; however, 
its presence was revealed by the markedly shorter vrave length maxima of the upper 
part of the main pigment zone. (A separation of neo-U was obtained by using benzene- 
petroleum ether mixtures as developer.) In every case, good separation of the all- 
trtms form from neocryptoxanthin A took place. When the neo-A zone was cut out, 
its uppermost and lowest sections (the latter containing neo-B) were neglected. The 
main portion of neo-A was eluted with methanol and rechromatographed. Of course, 
the unchanged part of the all-4rans form can be used in another isomerization experi- 
ment. About 4r-5 mg. of chromatographically homogeneous neocryptoxanthin A 
was used for each concentrate. 

The benzene solution of neocryptoxanthin A showed in the Beckman photo- 
electric spectrophotometer a main maximum at 458 m^t. The corresponding figures 
are, for the all-<mns form 464 m^i, and for the iodine-catalyzed stereoisomeric mixture, 
461 m/j,. In the Wesson oil used in the bioassays the maximum extinction of neo- 
oiyptoxanthin A was located at 455 m/jt. When such a solution was kept at 4°C., in 
darkness, the position and height of this maximum remained constant for several 
days and then, within 10 days, gradually migrated about 1 m^t towards longer wave 
lengths. The sharpness of the curve was not diminished. Since the main maximum 
of all-^mns-cryptoxanthin in the oil is located at 463 m/x, only about 1/10 of the cis 
compound was sterically altered during the storage period. Consequently, con- 
centrates for the bioassays were renewed about every eighth to tenth day. 

The concentration of neocryptoxanthin A in Wesson oil was obtained as recently 
described for neo-^-carotene B by using the extinction values of the iodine-catalyzed 
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mixture (3). The folloTnng figures are valid for ncocryptoxanthin A in the oil: 
concentration ( 7 /O.I ml.) “ 0.64 X Ei cm.. 

The Uoassays were carried out as described earlier (3, 4). The rats used were from 
our stock colony. Supplements were administered orally by means of a hypodermic 
syringe with a blunt needle. The supplements were made up in cottonseed oil in such 
concentration that the dose was present in 0.1 ml. The dr^y intake of o-tocoilierol 
of 0.5 mg. was included in the administered oil. The supplement was pven six times 
weekly (Sunday being omitted) except when rats were started on the assay on a 
Sunday. In this case the supplement was omitted on a later day of the first week. 

Results 

Table I ^vcs a summary of the data on the 122 rats used in this 
test. All-frons-jS-carotene was given at daily levels of 0.4 and 0.8 y 
while neocr3rptoxanthin A was administered at 0.8, 1.6 and 3.2 y. 

The average growth response for 0.8 y of /S-carotene was 37.6 g., 
which gives a corrected value of 41.6 g. when adjusted for the fact that 
it was administered only 24 days instead of 28 days. This figure is 
practically identical with the average of the previous series of tests on 
carotenoids where jS-carotene has been used as a standard (3,4). The 
mean value calculated from the log dose-body weight curve for the 
0.8 y dose was 42.2 g. The value for the slope of the curve which gives 
an index of the relative response at various levels of carotene was 0.0593 
compared with an average value for the six tests of 0.0643.^ 

When neocr3rptoxanthin A was fed at a level of 0.8 7, 8 of the 19 
animals died before the 28th day while the average gain of the survivors 
was 16.0 g. When the level of neocryptoxanthin was increased to 1.6 7, 
only 3 animals died and the average net gain was 31.2 g. At the highest 
dose (3.2 7 ) one rat died but the gain was 41.8 g. In the case of the 
negative controls, which included one rat from each of the 29 litters, 
17 died before the 28th day and all except one of the remaining twelve 
rats were losing weight. The survivors lost, on an average, about 4 g. 

The dosage/gain-in-weight curves are given in Fig. 1. 

The curve connecting the two lowest dosages of neocryptoxanthin 
A and that connecting the points for jS-carotene are reasonably paralld. 

1 Calculated from the expression 

‘ -isfsfc 

Where ^ and 2 ^^ are the gain in weight at the different levels of carotene intake and 
log X and log are the logs of the respective doses of carotene. 
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In the two lower dosages full use of the neocryptoxanthin very prob- 
ably occurred since the dosage/gain in weight curve is practically 
parallel to that for jS-carotene. When neociyptoxanthin was given at 
the highest level, the point falls somewhat below the line for the lower 
points. This would indicate that at this level neocryptoxanthin A was 
not fully used. 

The potency of neocryptoxanthin as calculated by the procedure of 
Coward (2) was found to be 39 and 44% in the 1.6 and 0.8 y tests, 
respectively, of that of all-<rares-(8-carotene or 71% of that of all-frons- 



Fig. 1 

Relationship of Gain in Weight to log of Daily Dosage of i3-Carotene 
and Neociypto^anthin A 

Points A and B lepresent the projection on the /J-carotene curve of the average gain 
(in grains) for the gioups receiving 1.6 7 and 0.8 7 of neoerypto\antlun A respectively. 

ciyptoxanthin, since the potency of the latter amounts to 68% of that 
of all-<ro»a-/3-carotene (4). This result is in excellent agreement with 
that reported by Fraps and Kemmerer (6), from whose data the re- 
spective percentages 67% and 55% follow. 

Neocryptoxanthin A has been tentatively assigned a steric con- 
figuration which postulates the presence of two cis double bonds, one 
being located at the center of the chromophore (9). It is remarkable 
that the rearrangement, all-frans-cryptoxanthin —* neo A causes only 
the moderate loss of about 30% in the provitamin A potency. In 
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contrast, in the course of the conversion, alKrans-/S-carotene neo- 
^-carotene B, about 50% of the bioactivity is lost, although the two cis 
compounds mentioned seem to possess similar configurations (3). 
Indeed, if we disregard the specially built poly-cis compound, pro-7- 
carotene, neociyptoxanthin A appears at the present time to be that 
cis carotenoid which in the strength of its provitamin A activity stands 
nearest to the corresponding all-frans form. 

Summary 

The provitamin A activity in rats of neocryptoxanthin A was found 
to amount to 71% of that of alMmws-cryptoxanthin or 42% of that of 
all-#raws-j8-carotene. 
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Introduction 

Our prebent knowledge of the respiration of plants is based primarily 
on studies of overall gas exchange. To a lesser extent studies have also 
been made of individual enzymes and of individual enzymatic reactions 
of apparent importance in respiration. For no plant tissue, however, 
has it been possible to present an integrated picture of the course of 
the whole respiratory process from hexose to carbon dioxide and water. 
In this paper the respiration of the spinach leaf will be considered from 
such an overall standpoint. Such treatment is possible, of course, only 
because the advanced state of knowledge concerning the respiratory 
mechanisms of microorganisms and of animal tissues allows us to 
verify the presence or absence of similar or identical mechanisms in the 
higher plant. The present paper is not intended to be a detailed study 
of each enzyme system, but rather to indicate the general types of 
enzyme systems concerned in the respiration of spinach leaves. It 
is hoped that this survey may be followed by a more intensive in- 
vestigation of the individual systems involved. 

Methods 

Plants 

Spinach leaves were obtained fresh from field grown plants, from plants grown 
for the purpose under laboratory conditions and from plants obtained from the local 
markets. No systematic differences in respiratory behavior were noted between 
leaves from these three sources, with the exception that the market leaves behaved as 
though partially depleted of reserve carbohydrate, as would be expected from leaves 
which Imd been stored for a short time. Such market leaves were, m general, the 
source of the material for the experiments detailed below. Mature leaves were 
selected throughout. 
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Gob Exchange Measurements 

Gas exchange measurements were made in the Warburg respirometer, using conical 
vessels of approximately 16 cc. volume. Oxygen uptake was measured in vessels 
having concentrated KOH in the central well, while the difference between Oa uptake 
and CQa evolution was measured in a second vessel without KOH in the usual way. 
All of the measurements were made at 30®C. For the gas exchange measurements, 4-5 
leaves were cut with sharp scissors into pieces 5-10 mm.® in area. These fragments 
were thoroughly mixed and 200 mg. samples were then weighed out into each vessel. 
Two cc. of buffer, or of buffer containing addendum, was then added. Duplicate 
samples of leaf were found to give highly reproducible rates of gas exchange, the rates 
agreeing, in general, to within 6%. 

Penetration of added substrates or inhibitors into the leaf tissue was achieved by 
vacuum infiltration. The vessels containing the leaf fragments and test solutions 
were placed in a vacuum desiccator and the whole evacuated twice, air being slowly 
readmitted each time. Preliminary experiments showed that such infiltration exerted 
no effect on the respiratory rate, i.e., that this procedure was not injurious to the 
tissue. 

Experimental 

Preliminary Experiments 

Fresh spinach leaves prepared as described above and suspended 
in 0.1 JIf phosphate buffer of pH 4.5 are able to respire for at least three 
hours without decrease in rate, with a respiratory quotient of ap- 
proximately unity, as is shown in the experiment of Table I. The leaves 


TABLE I 

O2 Uptake and COi Evolution by Spinach Leaf Sections 
Suspended in Phosphate Buffer 


Expt. No. 

GaB 

Gas exchange in xnm.V^OO mg. leaf/hr. 

First hr. 

Second hr. 

Third hr. 

E-92; leaves frcf*h from field 

02 

123 

125 

130 


COi 

123 

126 

131 


R.Q. 

1.0 

1.0 

1.0 

E-103; loaves depleted 4 days 

O 2 

82 

75 

62 

at 0*^0, 

COa 

61 

58 

51 


R.Q. 

.74 

.77 

.82 


as picked from field plants during the day apparently contain sufficient 
carbohydrate substrate to permit them to respire for an extended 
period. In the case of partially depleted leaves, a dropping off of 
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respiratory rate with time is found and, in addition, the respiratory 
quotient is significantly less than unity. It is worth noting that, despite 
the high acid content of spinach leaves (in the neighborhood of 6% of 
oxalic acid on a dry weight basis), the tissue does not show the abnor- 
mally low respiratory quotient characteristic of the leaves of suc- 
culents. 

Table II shows the influence of the pH of the buffer in which spinach 
leaves are suspended on the rate of O 2 uptake and on their CO 2 evolu- 
tion. Buffers with a pH higher than 5.0 bind appreciable amounts of 
CO 2 and this bound gas was released at the end of the experimental 
period by addition of a slight excess of acid from the side arm of the 


TABLE II 

Influence of pH on Reepiratory Bate and Respiratory Quotimt of Spinach Leases 
(E-IIO. Rate for 1st hour) 


pH 

Gas exchange m mm V200 mg leaf/hr 


RQ 

Os taken up 

COa evolved 


46 

86 

80 

0 

80 

0.93 

5.0 

84 


2 

79 

0.94 

5.5 

82 


4 

76 

0.93 


81 


5.6 

66 5 

0.82 

6.5 

82 


10.5 

63 

0.77 


81 

35 

24.5 

59.5 

0.73 


vessel. It may be seen that, although pH has only a small influence on 
the rate of O 2 uptake over the limits studied, there is a significant de- 
pression of the respiratory quotient at the higher pH values. This 
phenomenon has also been observed during the study of the respiration 
of Avena coleoptiles (7) and no explanation has as yet been found for 
it. In all experiments Avith living leaves, the pH was kept at 4.5 unless 
otherwise noted. 

The Terminal Oxidase 

The enzyme responsible for the actual uptake of O 2 in plant respira- 
tion has been the subject of much investigation since Bach and Ghodat 
(13) sought to identify this factor with the enzyme which is now known 
as polyphenol oxidase. Brown and Goddard (10) and Goddard (15) 
have established with certainty that the terminal oxidase of the wheat 
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embryo is cytochrome oxidase as it is in animal tissues, and Goddard 
has separated from wheat embryo cytochrome c, which is apparently 
Identical with that of beef heart. That cytochrome oxidase is also 
involved in the respiration of other plant tissues has been indicated by 
Okunuki (31, 32, 33, 34) for pollen and by Marsh and Goddard (30) 
for carrot root. James and Cragg (23) have suggested, on the basis of 
incomplete experiments, that ascorbic acid oxidase may be the terminal 
oxidase of barley leaves and that ascorbic acid may function as a 
carrier between the oxidase and reduced coenzyme I. The work of 
Boswell and Whiting (9), Boswell (8) and of Baker and Nelson (2) 
leaves no doubt, however, that, in the potato tuber, the bulk of the Oc 
uptake in respiration does indeed pass through polyphenol oxidase. 
That the same is true of spinach leaves is shown by the experiments 
described below. 

Spinach leaves contain a highly active polyphenol oxidase, as can be 
demonstrated in vitro, either with prepai-ations of whole leaves ground 
to a brei in a blendor, or preferably, with whole cytoplasm of spinach 
leaves prepared after the method of Wildman and Bonner (39). Whole 
cytoplasm as shown in Table III can carry out rapid oxidation of 

TABLE III 


Polyphenol Oxidase AcHmiy of Whole Spinach Cytoplasm 
(50 mg. Whole cytoplasm per vessel (approximately 10 mg. protan). pH 6.5. 
Elxperiment E-122. Total volume of solution; 2 cc. per vessel) 


Vessel No. 

Mg. oateohol 

Inhibitor 

Cone, of inhibitor 

Ox>gen uptake 
mm */vesael/hr. dur- 
ing first 10 mm. 

• 1 


None 

0.0000 M 

530 

2 


p-Nitrophenol 

0.01 M 

118 

3 


p-Nitrophenol 

0.001 M 

288 

1 


p-Nitrophcnol 

0.0001 M 

433 

5 


o-Nitrophenol i 

0.01 M 

242 

6 


o-Nitrophenol 

0.001 M 

450 


catechol and can also oxidize p-cresol, although at a slower rate. 
Oxidation of either substrate is inhibited by p-nitrophenol, a compound 
which may be considered as an analogue of the normal substrate of 
tiie enz 3 rme. The related o-nitrophenol, an analogue of o>phenols which 
are not attacked by polyphenol oxidase, is approximately 10 times less 
inhibitory to the action of the enz 3 ane than the p-isomer. Although 
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pol 3 rphenol oxidase is present in the spinach leaf, no evidence could be 
found that either ascorbic acid oxidase or cytochrome oxidase exist 
in the tissue. Neither could any e^ddence be found for the existence of 
cytochrome among the purified leaf proteins. 

The respiration of spinach leaves is inhibited bj' HCN at relatively 
high concentrations (Table IV). Even in the presence of 0.01 M 


TABLE IV 

Influence of Cyanide on the Respiration of Spinach Ledf Section 
(pH 4.5. Experiment &76) 


Tieatment 

Os consumption mm.*J200 mg. leaf /hi. 

R.Q. 

Per cent 
inhibition 

First hi. 

Second hr. 

Third hr. 

Fourth hi. 

Control 

143 

138 

129 

Ill 

0.9 



HCN 0.01 M 

99 


43 

28 

1.0 

75 

HCN 0.001 M 

94 

74 

63 

54 

1.0 

49 


cyanide, however, the leaves remained turgid and appeared healthy 
after 4 hours. The need for high concentrations of HCN may be related 
to a slow penetration of the material into the cells even after infiltration 
as is indicated by the fact that inhibition continued to increase with 
time even after 4 hours. The sensitivity of both ©2 uptake and CO* 
evolution to cyanide may be taken to indicate that a heavy metal 
catalyst is involved. Both polyphenol oxidase and cytochrome oxidase 
are known to be inhibited by cyanide. The study of CO inhibition and 
the reversal or non-reversal of such inhibition in light would, in general, 
permit of a diagnosis as to which catalyst is involved. In the present 
case this method cannot be applied because of the complications in- 
herent in a photosynthetically active tissue. 

If spinach leaves are infiltrated with catechol, CO* production is 
greatly decreased, in fact may cease altogether (Table V). Oxygen 
consumption is initially increased, but rapidly decreases until it also 
falls below the level of the control, untreated leaves. It has been shown 
by Boswell and Whiting (9) and confirmed by others, that the action of 
polyphenol oxidase on catechol results not only in oxidation of the 
substrate but also in rapid inactivation of the enzyme. This fact ac- 
counts for the transitory nature of the rise in oxygen consumption 
when catechol is supplied. The decrease in rate of CO* production after 
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was increased by 119% over the same period. The fact that the addition 
of dihydroxyphenylalanine causes increases in the CO 2 evolution 
strongly indicates a linkage between polyphenol oxidase and the C Os- 
producing mechanisms of the leaf. 

The Imhal Breakdown of Hexose 

The early \ 70 rk on the mechanism of yeast fermentation stimulated and found a 
counterpart in work on fermentation earned out with the tissues of higher plants. 
Iwanoff (21), Kostytschev (27) and others have sho^^m that some tissues, as pea seed 
meal, possess systems for the fermentation of hexose to alcohol and CO 2 . That the 
rate of pea seed meal fermentation is influenced by phosphate concentration has been 
shown by Bodndr and Hoffner (6). More recent work has shown that higher plants 
contain the same hexose phosphates which occur as intermediates of glycolysis in 
yeast or muscle. Thus, fructose diphosphate has been found in pea seed meal (37) 
and oat coleoptiles (1). Fructose-6-phosphate has been shown to occur in pea leaves 
(20) and in sugar beet leaves (11). Glucose-fl-phosphate has been found in pea leaves 
(20) and in sugar beet leaves (11). With the exception of phosphorylase (19, 17), the 
enzymes of the initial carbohydrate breakdown have, however, been but little studied 
in higher plants. 

Perhaps the most extensive study of carbohydrate breakdown in leaves is that of 
James and co-workers (22, 23, 24, 25, 26). This group has established that hexose 
diphosphate, phosphoglycerate and pyruvic acid are intermediates in the normal 
breakdown of hexose by leaves of barley. 

The following experiment indicates that spinach leaves contain 
enzymatic systems for the conversion of hexose to fructose diphosphate 
and to phosphogly ceric acid. Fresh spinach hrei was prepared by blend- 
ing 500 g. of spinach leaf in 100 cc. of water and filtering through mus- 
lin. To the brei was added either glucose (to make 1%), glucose and 
adenosine triphosphate (ATP) (to make a concentration of 1 mg./cc.), 
or nothing (control). The three preparations were then incubated at 
24°C. Aliquots were removed after various periods of incubation and 
fructose diphosphate and phosphoglyceric acid determined by the 
methods of Umbreit et aL (38), 

The results, which are recorded in Figs. 1 and 2, show an initial 
formation of fructose diphosphate from glucose, particularly in the 
presence of ATP. The fructose diphosphate thus formed slowly disap- 
pears again with time. As shown also in Fig. 1 the leaf brei initially 
contains an appreciable amount of fructose diphosphate. Phospho- 
glycerate was similarly formed in the presence of leaf brei and dextrose, 
and the amount accumulated was also increased somewhat in the 
presence of ATP. The formation of these two key intermediate sub- 
stances by spinach leaf brei from hexose, together with the apparent 
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influence of ATP on the system suggests that a glycolytic system simi- 
lar to that found in yeast and muscle may also exist in the spinach 
leaf. This conclusion is further supported by the following in vivo 
experiments. 



Pia. 1 

Production of Fructose Diphosphate from Hexose in Spinach Leaf 6m 
Incubated at 24®C. 

The reaction mixture A contained per 10 cc.: brei representing 50 g. leaf, 0.01 m 
phosphate buffer, 100 mg. dextrose, 10 mg. ATP. B contamed no ATP, while C con- 
tained neither ATP nor hexose. Ordinates represent amount of fructose diphosphate/ 
10 cc. aliquot. 



Fia. 2 

Production of Phosphoglyceric Add from Hexose in Spinach Leaf hrez 
Incubated at 24®C. 

Reaction mixtures identical with those of Fig. 1 
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Tho respiration of intact spinach leaves is inhibited by fluoride, the 
inhibition affecting CO2 evolution as well as O2 uptake (Table VIII). 
Fluoride inhibition, although not completely specific, can frequently 
be attributed to inhibition of the enzyme enolase which is responsible 


TABLE VIII 

Inhibition of Respiration of Spinach Leaf Sections by Sodium Fluoride 
(Experiment 1^95) 


Treatment 

Gas exchange mm.*/200 mg. leaf/hr. 


hr. 1 

hi. 2 

hr. 3 


Control 

147 

141 

140 



+ 1 mg. NaF/cc. 

51 

22 

16 

89 

Control 

133 

139 

141 



CO 2 

+ 1 mg. NaF/cc. 

1 

67 1 

1 

t 

1 28 

1 i 

19 

87 


for the conversion of 2 -phosphoglycerate to pymvic acid. Thus, fluoride 
may inhibit the formation of pyruvic acid from hexose. Fluoride in- 
hibits respiration at approximately this level in spinach leaves as is 
shown by the experiments of Table IX. The respiration of leaves 
poisoned with fluoride can be quantitatively restored by the further 

TABLE IX 


Inhibition of Respiration of Spinach Leaves by Sodium Fluoride and Reversal 
of the Inhibition by Pyruvate 


Expt. 

Treatment 

0* consumption in inm.> Os/200 mg. Icaf/hour 

hr. 1 

hr. 2 

hr. 3 

E-137 

Control 

91 

90 

90 


+NaF, 0.1 mg,/cc. 

45 

23 

19 


-1-N‘aF-l-pynivate 2.5 mg./cc. 

102 

88 

85 

E-149 

Control 

78 

72 

76 


+NaF, 0.1 mg./cc, i 

75 

36 

28 


-fNaP+lO mg. glucose/cc. 

64 

34 

29 


-f-NaF+S mg. pyruvate/cc. 

88 

71 

75 
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addition of pyruvic acid, that is, fluoride-poisoned leaves can utilize 
P3univic acid as well as the unpoisoned leaf can utilize the normal 
endogenous substrates. Fluoride-poisoned leaves caimot, however, 
utilize glucose (Table IX). It seems, therefore, that in spinach leaves, 
as in yeast and in animal tissues, it is a process leading to the pro- 
duction of p3nruvic acid which is poisoned by fluoride. This fact, taken 
together with those presented in Figs. 1 and 2, indicates that hexose 
breakdown in the spinach leaf may occur through phosphorylated 
intermediates with the ultimate production of pyruvic acid. Actual 
isolation of pyruvic acid from respiring leaves has been accomplished 
by James and James (25) T\ith barley and by Bennett with onion (4). 

Dehydrogenases of Spinach Leaves 

The respiration of spinach leaves is inhibited by monoiodoacetic 
acid, as is shown in Table X, COa production, in particular, being 


TABLE X 

Effect of lodoacetaie on the Respiratum of Spinach Leaves 
(Experiment E-82. Third hour after infiltration) 


i 

Treatment 

Gas exchange in mm ’/200 mg. leaf/hr 

02 

COs 

Pet cent 
inhibition 

0* 

Per cent 
inhibilaon 
COs 

Control 

105 

105 

— 



+1 mg. iodoacetate/cc. 

11 

3 

90 

97 

-fO.l mg, iodoacetate/cc. 

40 

16 

62 

85 


strongly influenced. lodoacetate is known to inhibit numerous 
dehydrogenases, particularly phosphoglyceraldehyde dehydrogenase, 
malic dehydrogenase and alcohol dehydrogenase. Commoner and 
Thimann (14) have indicated that lodoacetate inhibits the respiration 
of Avena coleoptiles through an influence on organic acid metabolism, 
lodoacetate is, however, sufficiently non-specific in its action that no 
great stress can be laid on its activity in the present case in relation to 
any particular enz5rme. That spinach leaves do contain dehydrogenases 
can be shown directly. 


Whole cytoplasmic protein of spinach leaf was prepared accoiding to the methods 
of Wildman and Bonner (39). Portions of this protein were tested for dehydrogenase 
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activity iising the Thiinberg technique. All of the dehydrogenase experiments were 
carried out at a pH of 6.7, in 0.025 if phosphate buffer. To 1 cc. of the enzyme prep- 
aration was added 1 cc. of a solution of coenzyme preparation made from yeast and 
containing both coenzymes I and II (but no appreciable amount of substrate), 0,1 
cc. of a solution containing 1 mg. of the desired substrate, and 0.1 cc. of a solution 
containing 0.25 mg. of thionine. The tubes were evacuated and incubated at room 
temperature. The time needed for 90% reduction of the dye was determined by com- 
parison with a similar non-evacuated solution containing a ten times lower con- 
centration of the dye. 

Table XI shows that the cytoplasmic protein is able to reduce 
thionine at the expense of isocitric acid, and that the oxidation of 
isocitric acid proceeds only in the presence of a coenzyme. Since the 

TABLE XI 


Presence of Isocitric Dehydrogenase in Whole Spinach Cytoplasm 
(E-77. pH 6.7. Temperature 24®C. Thunb^ technique) 


Amt. of 
cytoplasm 

Coenzsrme 

preparation. 

laocitrate 

Total vol. 

Time needed for 00 
per cent reduction 

mg. 

cc. 

mg. 


mm. 

50 

1 

1.0 

2.2 

12 

50 

None 

1.0 

2.2 

More than 180 

50 

None 

None 

2.2 

More than 180 

None 

1 

1.0 

2.2 

More than 180 


preparation of coenzyme contained both coenzymes I and II, it is not 
possible to state which coenzyme is required by the enzyme of spinach. 
Table XII shows that spinach leaf cytoplasmic protein contains other 

TABLE XII 

Redudion Times of VarioiLS Substrates in the Presence of Whole Spinach 
Cytoplasmic Protein 

(Thunbeig technique. Temp. 24®C. pH 6.7. Total volume 2.2 cc./tube) 


Protem 

Coenayme 

Sul^trate 

Substrate 

Time needed for 90 
per cent reduction 


cc. 


mg. 

mtn. 


1 

Isodtrate 

1 mg. 

14 


1 

Citrate 

1 mg. 

30 


1 

Malate 

1 mg. 

40 


1 

Glutamate 

1 mg. 

30 


1 

Ethyl ale. 

1 mg. 

70 


1 

None 

— 

over 180 

0 

1 

None 

— 

over 180 
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dehydrogenases in addition to that for isocitrate. Enzymes for the 
oxidation of malate, glutamate and ethyl alcohol also appear to be 
present. In addition, the enzyme aconitase which converts citric acid 
to isocitric must also be present, since citric acid is oxidized, although 
at a rate somewhat slower than found for isocitric. 

Succinic Dehydrogenase and the Krebs Cycle in Spinach Leaves 

The information adduced above indicates that pyruvic acid may be 
an intermediate metabolite in the respiration of hexose by spinach 
leaves. A mechanism for the oxidation of pyruvate has been proposed 
by Krebs and Johnson (29) and summarized by Krebs (28). 



Effect of pH on the Inhibition of Spinach Leaf Respiration by Malonate. 

Inhibitor concentration 5 mg./cc. throughout 

In this mechanism, pyruvate is combined with oxaloacetate to yield, ultimately, 
isodtrate and CO*. The isooitrate thus produced is oxidized and decarboxylated 
through o^•ketogluta^ate and succinate to oxaloacetate. This chain of reactions, in 
which pyruvate is oxidized to COg and water through the intermediary of the plant 
acids, is known as the Erebs cycle and the evidence that a mechanism of this type 
is a prindpal path of carbohydrate oxidation in animal tissues is not inconsiderable. 
All of the acids which participate in the Krebs cycle are known from higher plants. 
Certain of the enzymes have also been sought and found in higher plant tissues, 
notably aconitase, isodtric and malic dehydrogenases and fumarase. Although the 
participation of a mechanism similar to the Krebs cycle in the respiration of hi^ier 
plants has frequently been suggested, for example by Chibnall (12), as yet no good 
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eviden(‘e for the (jxi&tence of buch a bystem in a lurcher plant tissue has been brought 
forward- The data to be presented below bhow that organic acids participate in the 
respiration of spinach leaves and indicate that cyclic reactions generally similar to 
those of the Krebs system may be operative. 

Under certain conditions spinach leaves are able to utilize organic 
acids in respiration. It has been mentioned above that leaves fresh 
from the field-grown plant do not appear to be limited in their inspira- 
tion by substrate concentmtion. Leaves were, therefore, starved at 
room temperature in the dark for 24-48 hours, or for 4 or more days 
at 0-2®C, These leaves, which have presumably been partially depleted 
of carbohydrate reserve, respiin at a lowered rate, their rate of respira- 
tion drops off rapidly with time, and they typically exhibit a lower 
respiratory quotient than ig found in the case of fresh leaves. When 
such leaves are supplied with glucose, the rate of respiration is in- 
creased, COa production in particular being affected so that the 
respiratory quotient is raised to approximately unit 3 ^ (Table XIII). 

TABLE xriT 


Effects of Glucose and of Various Organic Adds on the RcUe of Respiration 
of PaHially Depleted Spinach Leaves 


Added 

comi>ound 

Concentration 

Ezpt. 

No. 

Length of 
starvation 
period 

Increase in gas 
exchange (per cent 
of control) 

Respiratory 

quotient 

Os 

COi 

Control 4* substrate 

Glucose 

10 mg./cc. 

104 

4 days at 0® 

28 


.80 

.99 

Glucose 

10 mg./cc. 

105 


34 


.77 

.94 

Succinate 

1 mg./cc. 

103 


21 

^9 

.82 

1.06 

Succinate 

1 mg./cc. 

104 

4 days at 0 

29 

mm 

.80 

1.13 

Succinate 

1 mg./cc. 

105 

20 hrs at 24® 

43 

79 

.77 

.97 

IVIalate 

1 mg./cc. 

106 

22 hrs at 24® 

18 

98 

.51 

.85 

Pmnarate 

1 mg./cc. 

107 

24 hrs at 24® 

20 

26 

.83 

.88 

Isocitrate 

1 mg./cc. 

106 

22 hrs at 24® 

11 

63 

.61 

.75 

Citrate 

1 mg./cc. 

107 

24 hrs at 24® 

34 

48 

.83 

.92 

Pyruvate 


109 

26 hrs at 24® 

13 

32 

.83 

.97 


Depleted leaves also respond with increased O 2 uptake and CO 2 output 
to the addition of succinic, malic, fumaric, isocitric, citric and pyruvic 
acids, as may be seen in Table XIII. These acids can support increased 
respiration over a period of several hours. Similar effects of oi^anic 
acids have been found with potato tuber by Bennet-Clark and Bexon 
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(3). Addition of organic acid did not, however, augment the rate of 
oxidation of hexose as has been reported by Gozsy and Szent-Gyoigj’i 
(16) and others for pigeon breast muscle. 

The respiration of spinach leaves is strongly inhibited by malnnin 
acid. The effect of added malonate depends not only on the concentra- 
tion of the inhibitor, but also on the pH of the medium in which it is 
infiltrated, as is shown in Fig. 3. Malonate in the concentration of 5 
mg. of the acid/cc. infiltrated at a pH of 4.5 in phosphate buffer 
inhibited Os uptake by 80%. The same concentration infiltrated in 
buffer at pH 7.0 was without inhibitory effect. Solutions of intei- 
mediate pH’s possessed intermediate inhibitoiy effects. The shape of 
the pH vs. inhibition curve for malonate suggests a titration curve 
ha\Tng an infiection point in the neighborhood of pH 5 to 5.5. The 
dissociation constant for the second hydrogen of malonic acid is 5.3. 
These facts may be interpreted on the assumption that the influence of 
pH in the present case is related to the penetration of malonic acid into 
the individual cells of the tissue, penetration being proportional to the 
concentration of the monobasic malonate ions. 

Malonate has been shown by Quastel and Wooldridge (35) and others 
to be a specific inhibitor of the enzyme succinic dehydrogenase. The 
fact that malonate inhibits the respiration of spinach leaves may be 
taken, according to Krebs (28), as indicating the participation of this 
enz 3 me in respiration. It should be noted (Table XIV) that malonate 
inhibits not only O 2 consumption of spinach leaves by 90% or more, 

TABLE XIV 

Effect of Malonic Acid on the Respiration of Spinach Leaves 
(Experiment 91-02) 


Oj 

COs 


Tieatnicnt 


Rate of gas exchange mm.'^/200 ing. 
leaf /hr. 


Per cent 
inhibition 


R.Q. 


Control 

+6 mg. malonate/cc. 
+1 mg. malonato/cc. 

Control 

+5 mg. malonate/ec. 
+1 mg. malonate/cc. 


hi. 1 

hr. 2 

hr. 3 

133 

121 

129 

39 

16 

9 

87 

71 

68 

129 

124 

129 

47 

19 

12 

94 

80 

77 


91 

40 
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but that it also reduces CO 2 evolution by approximately the same 
amount. Succinic dehydrogenase is, theiiefore, a central enz 3 une not 
only from the O 2 uptake standpoint, but is also an essential part of the 
COf-liberating mechanism. 

The inhibiting effect of malonate on spinach leaf respiration can be 
partially overcome by the addition of succinic acid as is shown in Table 
XV. Additions of as little as 1 mg. of succinic acid per cc. resulted in 

TABLE XV 


Inflvmce of Malonic Acid on the Respiration of Spinach Leaves and the Influence 
of Other Adds on This Inh'SMon 


Expt. 

1 

Treatment 

O 2 uptake in mm.*/ 
200 mg. leaf/hr. 
thirdnour of 
treatment 

E-138 

Control 

73 


+ 5 mg. maloiiate/cc. 

18 


+ 6 mg. malonate/cc.+l mg. sucoinate/cc. 

58 


-1- 5 mg. malonate/cc.+l mg. fumaxate/cc. 

78 

E-278 

+20 mg. malonate/cc.+6 mg. fumarate/cc. 

16 

E-136 

+ 5 mg. maloimte/ec.+2.5 mg. isodtrate/cc. 

53 

E-133 

+ 5 mg. malonate/cc.+l mg. malate/cc. 

75 


+ 5 mg. malonate/cc.+l mg. pyruvate/cc. 

50 


substantial increases of the respiration of tissue poisoned with 5 mg./cc. 
of malonate. That malonate inhibition of respiration could be in part 
overcome by the addition of succinate would be expected from the 
nature of the malonate inhibition of succinic dehydrogenase. This 
inhibition has been shown by Quastel and Wooldridge (35) and others 
to be competitive in nature and to depend on the close resemblance 
between the malonic and succinic acid molecules. Increase of the 
succinate concentration in the cell, with consequent decrease of the 
malonate/succinate ratio would, therefore, be expected to decrease the 
extent to which the enzyme is inhibited. 

Malonate inhibition of spinach leaf respiration can also be overcome 
by the addition of fumarate to the system, as is shown in Table XV. 
Since reversal of malonate inhibition is a property specific to succinate, 
the fact that the inhibition is lifted in vivo by fumarate must signify 
ether, a) that respiration can be carried on through oxidations in- 
volving fumarate, but not involving succinic dehydrogenase, or b) 
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that fumarate is oxidatively converted to succinate. That the latter is 
actually the case is strongly indicated by the experiments of Table XV. 
These show that, although the respiration of malonate poisoned leaves 
can be increased by the addition of fumarate, the respiration so in- 
creased can be inhibited by the addition of still more malonate. In 
other words, the respiration induced in malonate poisoned tissue by 
fumarate is a respiration in which succinic dehydrogenase is involved. 
It has not as yet been possible, however, to demonstrate directly by 
analysis that succinic acid is formed oxidatively from fumaric acid in 
malonate-poisoned leaves, owing to the fact that succinic acid, as well 
as malic and citric acids, is present in only low concentrations. Succinic 
acid was found to make up of the order of 0 . 01 % of dry weight, and 
this in the presence of large amounts of other acids. The view that 
succinate is formed oxidatively in malonate-poisoned tissue is a 
conclusion similar to that drawn by Krebs and Johnson (29) from 
similar data on muscle. The data suggest that the oxidation of the C 4 
acids in the leaf may result in the reformation of the same substances, 
or in short, suggests that an organic acid cycle may be involved in 
respiration. That this cycle may be generally similar to the Krebs cycle 
is further suggested by the fact shown in Table XV that not only 
fumaric, but malic, isocitric and pyruvic acids are all capable of 
modifying to some extent the malonic acid inhibition of the respiration 
of leaf tissue. These acids should all be expected to be converted oxida- 
tively to succinic acid through the operation of the cycle. Further 
evidence that the oxidation of pyruvate is linked with that of fumarate 
is contained in the experiment of Table XVI, in which respiration was 

TABLE XVI 

Necessity of Pyruoic Acid for the Oxidation of Fumarate by Spinadi Leaves 
in the Presence of Malonate and Fluoride 

(Expt. E-299) 


Treatment 

Os uptake mm.V200 mg. 
leaf/hr. 2nd hour of 
treatment 

Control 

93 

+5 mg. malonate/cc. +0.1 mg. NaF/cc. 

17 

+6 mg. malonate/cc. +pyruvate 2.5 mg./oc. 

17 

+6 mg. m^onate/cc. +fumarate 2.5 mg./cc. 

18 

+5 mg. malonate cc.+pyruvate+fumarate 

35 
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inhibited by fluoride and malonate simultaneously. The presence of 
fluoride will prevent the endogenous production of pyruvate, as shown 
in Table IX. Table XVI shows that, while neither added pyruvate nor 
added fumarate alone caused increased respiration in the fluoride- and 
malonate-inhibited tissue, the two together did bring about a significant 
increase in O 2 uptake. 

It has not been possible in the course of this work to demonstrate in 
vitro the presence of a succinic dehydrogenase or a succinic dehydro- 
genase system in any of numerous kinds of preparations made from 
spinach leaves, either by the Thunberg technique or aerobically in the 
respirometer. Berger and Avery (5) have reported a similar failure 
to find succinic dehydrogenase in Avena coleoptile preparations. That 
the failure to obtain an active succinic dehydrogenase in vitro in the 
present case may be due to extreme lability of the system is indicated 
by the following experiment. 

Spinach leaves were chopped in the usual manner. One-half of the sample was then 
frozen with extreme rapidity on a block of dry -ice and then thawed again as rapidly as 
possible. Samples representing equal amoimts of fresh leaf were then placed in a 
series of Warburg vessels and oxygen consumption measured in the presence and 
absence of malonic acid. The frozen leaves were suspended in buffer of pH 6.7, ap- 
proximately the pH of the whole cytoplasm, while it was necessary to suspend the 
intact leaves in buffer of pH 4.5 in order to insure penetration of the malonate. 

Table XVII shows that, in the uninjured leaves, respiration was 
inhibited by malonate as usual. In the leaves which had been subjected 

TABLE XVII 

Effect of Freezing and Thawing on the Total Respiration and on the Malonate- 
InhibitabU Portion of Respiration of Spinach Leaves 
(E-124) 


Tzeatment 

Inhibitor 

pH 

Os oonsumption in mS.*l200 mg. leaf /30 minutes 

of lV8. 

1st 10 min. 

10-40 min. 

40-70 min. 

70-100 min. 

Fresh leaves 
Frozen 

None 

4.5 

50 

54 

47 

38 

leaves 

None 

6.7 

42 

27 

14 

14 

Fresh leaves 
Frozen 

Malonate 10 mg./cc. 

4.5 

28 

25. 

14 

12 

leaves 

Malonate 10 mg./cc. 

6.7 

23 

22 

13 

14 
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to freezing the rate of oxygen consumption was greatly depressed as 
compared with the normal and the rate fell off rapidly with timp , In 
addition, the effect of malonate became steadily less in the frozen leaves 
until, in the period 70-100 minutes, malonate exerted no influence at 
all on the respiratory rate. Since it would appear then, that succinic 
dehydrogenase largely disappears from leaf tissue within a short time 
after injury, it is not surprising that attempts to demonstrate the 
enzyme in cell-free preparations have thus far failed. It may be noted 
also that, in general, ground, lyophilized, or otherwise treated spinach 
leaf preparations always showed a very low rate of O 2 uptake as com- 
pared to the normal intact leaf, as is shown in Table XVIII. 


TABLE XVIII 

Effect of Various Mechanical Treatments on the Respiration of Spinach Leaves 


Ezpt. No. 

Treatment given leaves 

mm.> Oi consumed/ 
200 mg. leaf/hr. 

E-27 

*^Vhole leaves, scissor-choppt^d 

167 


Ground in tritoaiion mill 

76 


Ground in colloid mill 

5 

E-36 

Leaves lyophilized and scissor-chopped 

12 


Leaves lyophilized, ground 

6 


Discussion 

The course of respiration in the spinach leaf which is suggested by 
the above experiments is as follows: hexose is phosphorylated and 
converted through hexose diphosphate and phosphoglyceric acid to 
pyruvate. The phosphorylation may be brought about by enzymes 
present in spinach leaf brei and involves ATP. The pyruvic acid 
produced is oxidized through processes involving succinic dehydrogen- 
ase, and which may, in fact, involve the production from pyruvate of 
succinic acid itself. The evidence suggests the succinic acid may also 
be produced oxidatively from fumaric, malic or isocitric acid. These 
facts, as far as they go, are in full accord with the concept of the Krebs 
cycle. The oxidation of the individual plant acids, malic and isodtric, 
is mediated by dehydrogenases which require coenzymes present in 
yeast, possibly coenzymes I and II. The dehydrogenases noay be 
readily studied in vitro and the protein apoenzymes have been prepared 
in a partially purified state. Succinic dehydrogenase, although it ap- 
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pears to exist in the intact leaf, is apparently labile and difficult to 
obtain in vitro. The succinic dehydrogenase of the spinach leaf differs 
from that of animal tissues in that it is not directly coupled to a 
C3rtochrome system. The terminal oxidase for all or essentially all of 
the oxidations of spinach leaf respiration appears to be polyphenol 
oxidase. The carrier or compound, which by reversible oxidation and 
reduction, couples the oxidase with oth* systems in the leaf has not 
been identified, although dihydroxyphenylalanine appears to be able to 
carry out this function. It has not been possible to build up coupled 
systems in vitro, using, for example, cytoplasmic protein, coenzyme I, 
malic acid and dihydroxyphenylalanine. Such a system, which contains 
both pol3T)henol oxidase and malic dehydrogenase, is capable only of 
oxygen absorption at the expense of the phenol substrate, and no 
coupling of phenol reduction with malic acid oxidation has been ob- 
served. This may mean that other as yet unrecognized enzyme systems 
and their carriers stand between the oxidase and the dehydrogenases 
in the living plant. It is, of course, obvious to think of flavo-proteins in 
this connection. Such flavo-proteins have not been detected in any 
large quantity among the proteins of the spinach leaf as yet, but they 
may, of course, exist in small amounts. 

Cytochrome has not been found among the spinach leaf proteins and 
does not appear to play a role in spinach leaf respiration. The succinic 
dehydrogenase of the spinach leaf must differ, therefore, from that of 
animal tissues as well as from that of the wheat embryo, in that, with 
the previously known enzymes, transport of electrons has been confined 
to cytochrome as an acceptor. Whether, in the present case, succinic 
dehydrogenase once reduced is reoxidized by a quinone carrier or 
whether, here again, some other system intervenes, is not knonm. 

Summary 

1 . The respiration of spinach leaves, has been investigated by in 
vivo studies of the gas exchange of excised leaf sections and by an 
examination of individual enz3nmes and enzyme S3rstems in viiro. 

2 . Spinach leaves contain abundant polyphenol oxidase. Since both 
O2 uptake and CO* evolution of spinach leaves are inhibited by in- 
hibitors of this enzyme it is concluded that poisrphenol oxidase is the 
principal terminal oxidase. The rate of spinach leaf respiration can also 
be increased by the application of dihydroxyphenylalanine, a substrate 
oxidizable by polyphenol oxidase. 
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3. Brei prepared from spinach leaves is capable of producing fructose 
diphosphate and glycerophosphate in the presence of glucose, and the 
amount of phosphorylated compounds produced is augmented in the 
presence of adenosine triphosphate. 

4. The ability of spinach leaves to utilize glucose as a respiratory 
substrate is greatly reduced in the presence of fluoride. Pyruvate 
utilization is not, however, interfered with by fluoride, showing that in 
spinach leaves, as in yeast and muscle, fluoride may principally inhibit 
respiration by inhibiting the production of pyruvate from hexose. 
This fact, together with those given in 3 suggest that hexose break- 
down in spinach leaves may follow a phosphorylytic pattern already 
well known for yeast and muscle. 

5. Dehydrogenases for the oxidation of malic and isocitric acids 
were found in the leaf proteins of spinach leaves. These two acids as 
well as succinic, fumaric and pyruvic acids can be utilized as respiratory 
substrates by starved spinach leaves. 

6. The respiration of spinach leaves is inhibited by malonic acid and 
it may be concluded that succinic dehydrogenase plays a part in the 
respiratory process. The inhibition caused by malonate can be reduced 
or abolished by the further addition to spinach leaves of succinate, 
fumarate, malate or isocitrate. These facts are in accordance with, 
but do not prove, the view that respiration in the spinach leaf is 
mediated by an organic acid cycle generally similar to the Krebs cycle. 
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Introdtiction 

The oxidation of unsaturated fatty acids by the plant enzyme 
lipoxidase has been the subject of considerable study from the stand- 
point of oxygen uptake, peroxide formation and concurrent carotene 
destruction. A comprehensive review of the literature of this subject 
has been prepared by Stillman (1). It has been sliown that, in addition 
to the effects mentioned, lipoxidase oxidation of ceitain substrates is 
also accompanied by a pronounced change in the absorption spectrum 
of the fatty substrate (2, 3). In an effort to correlate oxygen uptake 
with the spectral changes the present investigation was undertaken. 

Experimental 

The methyl linoleate, ethyl linoleato, ethyl linolonate and methyl 
arachidonate used as substrates in these studies were prepared in the 
usual maimer from their respective polybromides. 

It was found that extraction of aqueous reaction emulsions with 
isodetane, as used in the qualitative study reported earlier (2), gave 
rather poor recoveries of oxidized fat, although the isobetane solutions 
were suitable for the demonstration of spectral changes accompanying 
oxidation. A means of fraction of the fat from the reaction emuMon 
which would give rise to a protein-free clear solution of fatty ester was 
sought. The procedure adopted was as follows. 

* This work was supported by grants from the Hormel Research Foundation, the 
National livestock and Meat Board, and the National Daity CounciL 
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Approxiinately 0.25 ml, of fatty ester was weighed carefully and discharged under 
an inert atmosphere into a mixture of 5.0 ml. phosphate buffer, pH 7.0, and 5.0 ml. 
1.0% dialyzed gum ghatti which was rapidly stirred with a stainless steel stirrer 
driven at high speed by an air turbine. The resulting emulsion was stable for an hour 
or longer. Equal portions of this cmulrion (usually 0.50 ml.) were discharged by 
syringe into phosphate buffer (usually 2.0 ml.) in a series of conventional Warburg 
respirometer vessels, and equal volumes of dialyzed extract of defatted soybean meal 
(usually 0.50 ml.) were placed in the side cups. After the vessels had come to the 
temperature of the bath (13°C. unless otherwise stated) the systems were closed, and 
the reaction begun. At appropriate intervals of oxygen absorption individual vessels 
were removed from the bath, 2.0 ml. of the flask contents were removed and im- 
mediately discharged into 10.0 ml. methanol plus 0.5 ml. 1% zinc acetate solution. 
After chilling, the tubes were centrifuged and the clear supernatant fluid was used 
for spectrophotometric measurements. Blanks were prepared by treating the ap- 
propriate quantities of gum ghatti and enzyme solution with methanol and zinc 
acetate. When dilutions were necessary for measurements, methanol was used to 
dilute both sample and blank. To study the effect of alkali on the spectra, 2.0 ml. of 
the solutions of oxidized fat were treated with 2.0 ml. 20% aqueous alkali and diluted 
to 10.0 ml. with methanol immediately before spectrophotometric measurements were 
made. All spectrophotometric measurements were made using the Beckman spectro- 
photometer. 

Results and Discussion 

The enz 3 nnatic oxidation of the three esters proceeded so rapidly 
that one mole oxygen per mole ester was taken up in approximately 
five hours. This is in striking contrast to the rate of autoxidation 
which, at 37®C. with the same substrates, requires 20-100 hours to 
attain the same degree of oxidation, depending upon the substrate. 

The development of the absorption maximum in the diene region 
(2300-2350 A) in oxidizing methyl linoleate (Fig. 1) and in oxidizing 
ethyl linoleate (Fig. 2) was found to be a linear function of the oxygen 
uptake up to an oxygen content of 0.5 mole oxygen per mole ester 
(ilif/M). The development of this band was accompanied by the ap- 
pearance of another maximum at 2775 A which did not show evidence 
of fine structure (Fig. 3). Neither of ^hese bands in lipoxidase-oxidized 
linoleates was affected markedly by the addition of alkali, A comparison 
of these results with those obtained in a similar study of autoxidation 
of ethyl linoleate (4) will show the 2700 A band induced during 
autoxidation is increased by the alkaline treatment. Aside from this 
discrepancy, the two oxidation processes seem to lead to similar results. 

The results of three sets of experimental data obtained on the oxida- 
tion of ethyl linolenate at 13®C. are plotted together in Fig. 4. It will 
be seen that the development of the diene absorption band at 2340 A 



FAT OXIDATION. VII 


621 


proceeds linearly with oxygen absorption up to about 0.4 M/M. With 
greater oxygen content the absorption values become irregular and 
seem to show a tendency to decrease. Treatment of the oxichzed ester 
with alkali has a negligible effect upon this spectral band in samples 
with less than 0.4 mole oxygen per mole. However, samples containing 



Fia. 1 

Chromophore Production in lipoxidase-oxidized Metbyl linoleate at IS'C. 

more oxygen show a consistent and idgnificant decrease in absoiption 
at 2340 A when treated with alkali. The reason for this abrupt change 
in the sensitivity of this chromophore to alTcftli is not understood. The 
enzymatic oxidation of Imolenate also differs from that of linoleate in 
that its absoiption bands at 2710 and 2800 A rise tignificantly higher 
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than the 2775 A band of oxidized linoleate, and in that these bands are 
extremely sensitive to alkali. Upon alkaline treatment the 2800 A 
band increases significantly and an inflection indicating a new band 
near 3176 A becomes apparent. This treatment is accompanied by the 
appearance of a yellow color. That the primary product of the lip- 
oxidase oxidation of linolenates is less stable than that of Unoleates 
is evidenced by the obseiwations that with linolenates (1) the diene 
absorption maximum does not rise as hi^, (2) the linearity between 



Fia. 2 

Chromophore Production in Lipoxidase-ovidizcdlEthyl Linoleatc at 37“('. 


absorption in the diene region and oxygen content breaks down at a 
lower oj^gen content, (3) the absorption in the longer wave lengths 
due to alkali-sensitive products is considerably greater and (4) the 
production of volatile products of oxidation is markedly greater as 
evidenced by an acrid odor. 
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A comparison of the chromophore-oxygen curves for lipoxidase 
oxidation and autoxidation (4) of linolenate again shows similarities 
and differences. The relationship between oxygen and the diene band 
shows approximately the same initial slope and irregularity toward 
the latter period of the oxidation in both cases. The bands in the 2700- 
2800 A region seem to develop to a greater extent in the enzymatic 
oxidation, but treatment with alkali increases the absorption at 2800 
and 3200 A far more in the case of autoxidation. 

The oxidation of methyl arachidonate by lipoxidase is accompanied 
by spectral changes similar to those found in the case of linolenate 



Fig. 3 

Spectia of Enzymatically Oxidized Esters 

(1) Ethyl Unoleate; 37®C.; 0.046 MIM 

(2) (l)inKOH 

(3) Ethyl Hnolenate; IS^C.; 0.818 M/M 

(4) (3) in KOH 

(5) Methyl arachidonate; 13®0.; 0.60 I M 

(6) (5) in KOH 
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except that only a single band was found in the 2700-2800 A region. 
The band appearing at 2350 A is not markedly affected by alkaline 
treatment, but the band at 2725 A increases markedly and shifts its 
maximum to 2800 A. As in the case of oxidized linolenate an inflection 
appears near 3200 A indicating the formation of another band (Fig. 3). 
This band was not measured in all samples and, hence, it is not plotted 
in Fig. 5 which shows the development of chromophores with oxygen 



Fio. 4 

Chromophoie Production in lipoxidase-osidized Ethyl linolenate at 13°C. 

absorption. The relationship between oxygen content and extinction 
coefBcient at 2350 A seems to be linear although the values show some 
scatter. This linearity does not break down early in the reaction as is 
the case with linolenate, although arachidonate oxidation also leads to 
the formation of products sensitive to alkali. 

A comparison erf the chromophore-oxygen content curves for en- 
zymatic oxidation of arachidonate and autoxidation of arachidonate 
(4) shows that the bands at 2350 A develop at about the same rate 
with reject to oxygen in the auto- and lipoxidase oxidations. However, 
the enzymatic oxidation seems to favor the formation of the substance 
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absorbing at 2725 A. On the other hand, autoxidation apparently 
leads to more of the substances sensitive to alkali. 

In general it may be stated from the spectrophotometric study of 
auto- and lipoxidase oxidation that the two oxidations lead to similar 
products and that the enzymatic oxidation does not alter the yield 
of that product absorbing in the region of 2300-2350 A, but that the 
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Fig. 5 

Chromophoro Production by Enzymatic Oxidation of Methyl Arachidonato 

3 delds of those products absorbing in the longer wave lengths are 
affected by the enzymatic oxidation. Whether the formation of 
secondary products of oxidation in the enzymatic oxidation is due to 
the enzyme lipoxidase or to some other fat oxidation enzyme present 
cannot be determined until this work can be repeated using a purified 
enzyme preparation such as reported by Balls, Axelrod and Keyes (5), 
and by Theorell, BergstrSm and Akeson (6). 
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Eecently Holland and Koch (7) have shown that in the early stages of the autox- 
idation of ethyl linoleate all the oxygen absorbed can be accounted for as peroxides 
and that the molar extinction coefficient at 2315 A is 22,700 for the primary oxidation 
product calculated on an oxygen basis. This they calculate to represent about 70% 
of the extinction coefficient of purified conjugated diene acids. From these observa- 
tions the authors concluded that the primary thermal oxidation product is a diene- 
monohydroperoxide which is about two-thirds conjugated. In a study of the autoxida- 
tion of methyl linoleate BergstrSm (8) found essentially the same results but reported 
a molar extinction coefficient of about 14,000 for the primary oxidation product. 
By chromatographic separation BergstrSm was able to identify 9- and 13-hydroxy- 
stearic acids as products of the hydrogenation of the autoxidized methyl linoleate. 

In a subsequent study of the oxidation of linoleic acid by lipoxidase Bergstrom (31 
found that the oxygen absorbed could be accounted for as peroxides and that the 
absorption band at 2320 A increased linearly with oxygen content. After hydrogena- 
tion of the reaction products he was able to isolate 9- and 13-hydroxystearic acids 
by chromatographic means. These results indicate that the reactions of lipoxidase 
oxidation and autoxidation are similar. Bergstrom concluded that the primary at- 
tack by oxygen is at the carbon 11 yielding a product which rearranges to 3deld tw'o 
conjugated isomers, 9-hydroperoxido-10,12-octadecadienoic acid and 13-hydro- 
peroxido-9, 1 1-octadecadienoic acid. 

Holland and Koch (7) also postulate that the oxygen attacks the linoleate at the 
active methylene group between the double bonds to yield a "free radical which is a 
resonance hybrid composed of three equivalent canonical structures. The hydro- 
peroxidic product derived from the radical would then be expected to contain three 
9 10 11 12 13 9 10 11 12 

isomeric forms, RCH = CH - CH « CH - CH - R', RCII = CH - CH - CH 

(!)0H (!)0H 

13 9 10 11 13 13 

- CH - K', and R - CH - CH = CH - CH = CH - E'. A random formation 

ioH 

of these isomers would result in a product which would be two-thirds conjugated, but 
it seems likely that the conjugated forms would be favored because of their resonance 
energy (7). Thus the isomerization induced by the oxidation of linoleate should result 
in a minimum of tw'o-thirds conjugation. 

The most probable values of the extinction coefficients of the mono- 
hydroperoxides of the linoleate, linolenate and arachidonate esters 
formed by autoxidation or enzymatic oxidation were calculated as 
follows. 

The value for the fresh ester was subtracted from the 
values for oxidized samples of esters taken in the early stages of 
oxidation. These corrected Ej^. values and the oxygen contents ex- 
pressed as moles oxygen/mole ester were used to calculate the slope 
of the straight lines representing th e chrom ophore-oxygen content 
curves by the method of least squares, SE}Si. * O2/SO7 = The 
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value thus obtained for the E}cm of product/mole oxygen was multiplied 
by one-tenth the molecular weight of the original ester to arrive at the 
molar extinction coefficient of the monohydroperoxide. This calculation 
is mathematically equivalent to that used by Bolland and Koch. 

The choice of a primary standard value for the extinction coefficient 
of conjugated dienoic acids is difficult because the values reported in 
the literature vary greatly due to the use of different instruments and 
solvents (9). The value 25,000 for 10,12-linoleic acid in ethanol has 
been used in the calculations in this investigation rather than the much 
higher values obtained in nonpolar solvents, because all measurements 
in this study were made in methyl alcohol. 

It will be seen from the table that there is a discrepancy betw’een the 
extinction coefficients reported for methyl linoleate and ethyl linoleate. 
This is probably due to the inclusion in the calculations of samples 
with relatively high oxygen content in the case of methyl linoleate 
w'hich would have the effect of reducing the slope of the E}Sa ./02 plot 
because of the greater formation of secondary products. In those ex- 
periments in which only samples from the very earliest stages of the 
oxidation of linoleate w^ere used, the molar extinction approaches that 
reported by Bolland and Koch. 

It seems unlikely that the diene conjugated systems induced by the 
oxidation of the three different fatty acids should have widely different 


TABLE I 

EaAinction Coeffidenis of the Primary Oxidation Products 
of Unsaturaied Fatty Acid Esters 


Ester 

Type of oxidation 

No. 

samples 

Max. Os 
content 

Xmax 

« 

Per cen 
conju- 
sation 

Methyl linoleate 

37*C. Autoxidation 

■a 

0.5M/M 

2320 A 

14,000 

64.6 

(Betmitom (8)) 
Meth>4 hnoleate 
(Ber^trfim (3)) 
Methyl linoleate 

37«C, (’) Lipoxidase 

M 

0.6 

2320 

13,000 

60.7 

Lipoxidase 


0.604 

2360 

2326 KOH 

13,900 

13,230 

64.2 

Etl^l linoleate 
(Bolland & Koch (7)) 
Ethyl linoleate 

45^0. Autoxidation 


0.16 

2316 

22,700 

88.6 

37^0. Autoxidation (4) 

9 

0.316 

2325 

18,900 

74.0 

Ethyl linoleate i 

37^0. Lipoxidase 

12 

0.14 

2350 

2326 KOH 

19,360 

17,470 

75.0 

Ethyl linolenate 

37®C. Autoxidation (4) 


0.379 

2350 

9,400 

36.7 

Ethyl linolenate 

37^(i;. Lipoxidase 

H 

0.334 

2390 

2360 KOH 

8,320 

8,100 

32.5 

Ethyl linolenate 

13®C. Lipoxidase 

B 

0.373 

2340 

2340 KOH 

10,370 

40.6 

Ethyl linolenate 

13°C. Lipoxidase 

9 

0.297 

2340 

2340 KOH 

11,100 

10,640 

43.6 

Methyl arachidonate 

37*0. Autoxidation (4) 

4 

0.419 

2360 

6,740 

26.3 

Methyl arachidonate 

13*0. Lipoxidase 

9 

0.411 

2350 

2360 KOH 

8,860 

8,240 

32.6 













528 


RALPH T. HOLMAN 


extinction coefficients (7), It is more probable that the low absorption 
shown by the oxidized linolenate and arachidonate is due to the greater 
instability of the monohydroperoxides of these esters, polymerization 
of products of oxidation, or perhaps due to the partial formation of 
polyhydroperoxides. The observation that the bands produced in 
oxidized linoleates are not sensitive to alkali might indicate that the 
hydroperoxides are not destroyed by alkalinity or, at least, that the 
conjugated double bond system is unaffected. If such be the case, the 
alkali-sensitivity of the substances absorbing at the longer wave 
lengths in oxidized linolenates and arachidonates indicates that these 
products are not solely hydroperoxides. It is believed that the products 
absorbing at the longer wave lengths are largely decomposition 
products of the monohydroperoxides, probably unsaturated con- 
jugated ketones, and that the lower absorption at 2360 A in the oxidized 
linolenates and arachidonates is due to the greater tendency of the 
monohydroperoxides of these esters to undergo further reaction. 

Before more than a qualitative significance can be attached to the 
apparent degree of conjugated diene produced during thQ oxidations 
of the fatty esters, it will be necessary to know the molar extinction 
coefficients of the pure monohydroperoxides; and before adequate 
comparisons can be made between this work and the observations of 
British and Swedish workers, it will be necessary to determine the 
extinction coefficients of a single sample of primary standard with the 
instruments used by these groups of workers. 

In general it may be concluded that the autoxidation of the esters 
of linoleic, linolenic and arachidonic acids and the lipoxidase oxidation 
of the same lead to the same primary oxidation products. The subse- 
quent reactions are qualitatively the same, but the conditions under 
which the oxidation takes place influence the amounts of the various 
secondary products. 


Summary 

1. A procedure whereby fatty acid esters and their oxidation prod- 
ucts may be recovered from emulsion reaction mixtures for spectro- 
photometric measurement has been described. 

2. The development of chromophores in lipoxidase-oxidized methyl 
linoleate, ethyl linoleate, ethyl linolenate and methyl arachidonate 
has been studied. 
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3. The development of the monohydroperoxide chi’omophore and 
the oxygen absorption of the system bear a linear relationship in the 
early stages of the oxidation. 

4. The diene chromophore induced in the enzymatic oxidation of 
the esters is not appreciably affected by alkali. The 2775 A band in 
oxidized linoleates is stable toward alkali, but the comparable bands 
in the oxidized linolenate and arachidonate are sensitive to alkali. 

5. The calculated apparent molar extinction coefficients of the three 
ester monohydroperoxides arranged in decreasing order are linoleate, 
linolenate and arachidonate. 

6. The molar extinction coefficients and the general shape of the 
ehromophore-ojygen content curves for lipoxidase oxidation and for 
autoxidation of each of the esters are very similar, indicating that the 
two oxidation reactions are probably the same. 
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Introdoctiok 

In a previous communication, the remarkable capacity of thiourea 
and thiouracil to react with iodine has been demonstrated (1). Both 
substances are easily oxidized by iodine; in an aqueous medium, with 
formation of a disulfide, and in a phosphate buffer medium, with 
formation of higher oxidation products. 

The results of those experiments suggested £0 us the possibility that 
such a marked reducing power toward iodine might play some role in 
the goitrogenic action of these compounds, in the sense that in the 
thyroid gland a competition for the iodine would take place between 
them or then- oxidation products, and the aromatic amino acids which 
act as precursors of the thyroid hormone. 

Thus, the path of the iodine leading from the iodides to diiodotyrosine 
or thyroxine would be blocked as shown in the following scheme: 

Cytochrome-Cytochrome Oxidase 

2/- > li ^Diiodotyrosine or 

System \ Thyroxine 

To test this possibility a series of experiments has been carried out, 
in which iodine and casein have been allowed to react in the presence 
of gdtrogenic substances, 

Casein reacts with iodine to form iodocasdn, which can be easily 
isolated and purified, and from which, after alkaline hydrolysis and 
fractional precipitation, substances can be isolated, which, from the 
chemical and physiologieal standpoint, are identical with diiodotyrosme 
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and thyroxine (2). This suggests the possibility that the mechanism 
which is responsible for the formation of thyroxine in the thyroid hor- 
mone is not intrinsically different from that which is involved in the 
formation of thyroxine in casein. 

In the experiments to be reported below we have not confined our- 
selves to a study of thiourea and thiouracil but have also investigated 
the effects of derivatives of thiourea obtained by substitution at the 
nitrogen or at the sulfur, and of amino acids containing — SH or — S — 
groups. 

Expebimental 

Since the thiourea and thiouracil were available only in the form of 
medicinal compounds, it was necessary to purify both substances. 
The former was recrystallized twice from ethanol, the latter (Mal- 
linckrodt) was dissolved in pyridine and precipitated in microcrystal- 
line form by addition of an excess of water. The crystalline material was 
washed with alcohol and ether and dried to constant weight. 

The phenylthiourea, cysteine hydrochloride, methionine and re- 
duced glutathione were Eastman Kodak C. P. preparations. The 
S-methylthiourea sulfate (3) and the S-ethylthiourea hydrobromide 
were prepared in our laboratory (4). Since the last two substances are 
hygroscopic and decompose at room temperature, they were kept in 
a desiccator in the refrigerator. 

Anal. Calcd. for S-methylisothiourea sulfate: N, 20.14; Found: N, 
20.52. 

Calcd. for S-ethylisothiourea hydrobromide: N, 15.48; Found; 
N, 15.14. 

The casein was purified as follows: Casein (Merck, for nutritional 
studies) was dissolved in 1% NaOH. It was precipitated from this 
solution at pH 4.5 by addition of 10% acetic acid, the precipitate col- 
lected by centrifuging, and the isoelectric purification repeated. The 
purified material was washed in the centrifuge tubes first with acidified 
water (pH 5.0) and then with 95% ethanol. Finally, it was extracted 
with an excess of ether, the temperature of which was kept near the 
boUing point. The casein was first drained on filter paper and then 
dried by exposure to the air. A 1% solution of the dry casein in 5% 
NaHCOs was used in our experiments. It was kept in the refrigerator 
when not in use. 
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The experiments were set up as follows: In each of a series of 150 cc. 
flasks 20 cc. of the casein solution (0.2 g. casein) was placed. To this 
the substance to be tested was added, in solution or as such, so that 
the amount added was in molar proportion to the iodine. In some 
cases the equivalent quantity of the compound with reference to the 
amount of iodine used was added, in others, one-half, one-fourth or 
one-eighth of this amount. 

After the substance to be tested had gone into solution, water was 
added to give a volume of about 40 cc. From a burette a iV/lO solu- 
tion of iodine, always the same volume, was added to each flask, i.e., 
3.15 cc., corresponding to 0.04 g. iodine, as this quantity gave the 
best results in the iodination of the casein. The volume of the mixture 
was made up to 50 cc. with water. The flasks were kept for one-half 
hour in a water bath maintained at 37“C., after which they were 
cooled under the tap. 

The iodocasein was isolated and purified as follows: From a burette, 
10% acetic acid was added to each flask until a pH was reached at 
which the substance separated out (about pH 4.5, 16-17 cc. of acid 
being used). The casein was collected by centrifuging and dissolved in 
10 cc. of 1% NaOH solution with stirring. With this solution the 
isoelectric precipitation was repeated, and the precipitate collected 
by centrifuging once more. The process of solution in alkali and of 
precipitation with acid was repeated. Finally, the iodocasein was 
washed twice with water and twice with 95% ethanol. 

The remainder of the alcohol and moisture were removed in vacuo. 
The residue was spread on a glass dish and dried by exposure to a 
75-watt electric bulb for 2 hours. 

The iodocasein obtained was of a creamy color, the intensity of the 
color depending on the content of iodine. The same procedure was 
used to isolate and purify the casein from the blanks. 

The iodine was determined according to the method proposed by 
Shahrock (5) for the estimation of iodine in dried thyroid. This worker 
claims to have used this method successfully on iodoprotein with an 
iodine content slightly above 13%. In spite of the fact that the method 
in our hands gave an error appreciably greater than that reported by 
Shahrock — differences of 0.6 7 in duplicates of known samples — ^we 
relieve that the accuracy is sufficient for the purposes of this inves- 
igation. 
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TABLE I 

Data on the Amounts of Iodine Combined vnth Casein in the Presence of Thiourea and 
Other S-Contazmng Substances 

Casein, 0.2 g.; / 2 , 3.15 X 10”*g. equiv. Medium, 50 cc. 2% XaHCO* 


1 

Substance added 

Amount 

added 

gmoL X10“< 

No of 1 
deter- 
minations 

i 

Per cent 
of iodine 
combined 
with 
casein 

Per cent 
Standard 
Deviation 

Per cent 
of iodine 
combined 
100% «7.S4 
±0.05 

1 

none 



16 

7.81 

dbO.25 

100 

2 ! 

Thiourea 

3.15 

5 

0.08 

rfcO.07 

0,38 

3 

Thiourea 

1.57 

2 

0.56 

iO.lO 

6.55 

4 

Thiourea 

0.785 

1 

2.30 


28.90 

5 

Thiourea 

0.392 

1 

3.26 


41.21 

6 

Thiouracil 

3.15 

2 

0.91 

=h0.32 

11.04 

7 

Thiouracil 

1.57 

2 

3.59 

±0.15 

44.45 

8 

Thiotiracil 

0.783 

2 1 

5.45 

±0.30 

69.20 

9 

S-ethylthiourea 






j 

hydxobromide 

3.15 

1 

7.69 


98.7 

10 1 

S-ethylthiourea 







hydrobromide 

1.57 

1 ' 

7.44 


94.8 

11 

S-methylthiourea 


1 

1 




sulfate 

3.15 

1 

8.07 


103.0 

12 

S-methylthiourea 







sulfate 

1.57 1 

1 

7.73 


98.6 

13 

Methionine 

3.15 1 

1 3 

1.06 

±0.02 

12.97 

14 

Cysteine HCl 

3.15 

1 

0.34 . 

! 

3.64 

15 

Glutathione 

3.15 

1 i 

1 0.38 


4.37 

16 

Phenylthiourea 

3.15 

2 ! 

1 I 

1 0.44 

1 

±0,05 

5.00 


17 Blank == 0,05 ± 0.043 stand, dev. of 4 detenninationis 


Ad inspection of the table shows that, with the exception of the 
S-siibstituted thiourea derivatives, the combination of iodine wdth 
casein is markedly decreased in the presence of the substances inves- 
tigated. With regard to thiourea it may be said that when both this 
substance and iodine are used in equivalent quantities, the amount of 
iodine combined lies almost within the limits of the method used for 
the iodine determination. If the quantity of thiourea present is one- 
eighth of the molar equivalent of the iodine used, the quantity of 
iodine combined is 41% of the maximum amount taken up by casein 
in the absence of interfering substances. ' 
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The effect of thiouracil is perceptibly inferior to that of thiourea. 
This fact is not in harmony with the marked antithyroid action of this 
substance, but, as shown in our pre\’ious communication (1), the 
velocity of the reaction between thiouracil and iodine is slower, 
especially during the first half hour, while in the long run the reducing 
power of both substances is of the same order. 

The introduction of alkyl groups into thiourea almost suppresses the 
inhibiting action of this substance, which is understandable since the 
reducing group has been blocked. Nevertheless, as shown in our experi- 
ments, some inhibiting action persists, 6% in the case of S-ethyliso- 
thiourea. We attribute this to the spontaneous decomposition which 
these substances undergo, especially at a higher temperature. We have 
found that the consumption of iodine by this compound increases 
gradually if the reaction is allowed to proceed at room temperature. 

It is of interest in this connection that Astwood (6) has found 
methylisothiourea to be goitrogenic. We believe, however, that the 
discrepancy between his findings and ours is only apparent, as other 
workers (7) have reported this compound to act as a methyl donor. 
What seems probable is that such a labile substance decomposes in 
the body, giving rise to thiourea or to some other reducing compound. 

The significance of the — SH group is shown plainly in the case of 
cysteine and glutathione; these compounds have a marked inhibiting 
effect on the combination of casein with iodine. It is a well-known fact 
that cysteine as well as glutathione are oxidized by iodine to form 
disulfides. The disulfide of the former, cystine, is oxidized by iodine 
in an alkaline medium to a greater extent (8). 

Methionine occupies a peculiar position among the substances 
studied, its sulfur being present in a thioether linkage. Nevertheless, 
it has been demonstrated (9) that in an alk alin e medium it is oxidized 
by iodine in two stages; first, two atoms of iodine combine with the S, 
then, as a result of hydrolysis, the iodine is converted into iodide and 
a sulfoxide, R-SO-E, is formed, whereby the velocities of both reac- 
tions depend on the pH of the medium and on the presence of iodine. 

As was to be expected, substitution on the N does not alter the 
reducing power of thiourea. This substance has been reported to be 
goitrogenic. 

Schachner el al. (10) have advanced conclusive proof to show that 
the S 3 ratem cytochrome-cytochrome oxidase plays a role in the 
iodination reactions taking place in the th 3 rroid. In the introduction 
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we advanced a hypothesis to explain the antithyroid action of thiourea 
and itsj derivatives. According to this theory, the la formed by oxida- 
tion of ionic iodide under the influence of the cytochrome-cytochrome 
oxidase system cannot combine ■with the aromatic precursors of 
thyroxine because, to the extent to which it is formed, it reverts to 
its original reduced state under the action of these reducing substances. 

Recently another example of inhibition of an oxidizing system by 
thiourea has been reported. lodination of casein has been obser\’ed to 
take place in the presence of iodide under the influence of xanthine 
oxidase and of the peroxidase of non-pasteurized milk (11). This reac- 
tion is inhibited by thiourea. 


SUMM-ARY 

It has been demonstrated that in a medium of 2% bicarbonate the 
combination of iodine ■with casein is inhibited by thiourea, thiouracil, 
phenylthiourea, and by amino acids such as cysteine, reduced gluta- 
thione and methionine. 

Such an inhibiting effect is not shown by thiourea derivatives con- 
taining alkyl groups attached to the sulfur. 

The bearing of the results obtained is discussed as a basis for the 
elucidation of the mechanism of goiter and of the inhibition of the 
thyroid hormone. 
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Introduction 

It hab long been known that lycopene and jS-carotene are normal con- 
btitiientb of red tomatoes. In addition, Went, Le Rosen and Zechmeister 
(1, 2, 3), in a series of three papers, have reported the presence of neo- 
lycopene A, neolycopene B, 7-carotene, a-carotene, prolycopene and 
some unidentified carotenes in tomatoes. 

In a research program for the development of tomatoes of higher 
provitamin A content (4) the present authors, in cooperation with 
members of the Department of Botany and Plant Pathology, have 
examined hundreds of tomato fruits produced from numerous crosses 
and seifs of the three species — L. esculentum, L, Mrsxdum and L. 
pimpiiielUfolium — ^for carotenes. The presence of unusual carotenes in 
fruits has been detected by spectroscopic examination of hexane 
extracts and demonstrated by chromatographic separation. Most 
selections studied had typical pigment systems (5). A few had either 
new carotenes or unusually high concentrations of pigments previously 
noted. The occurrence and identity of the major carotenes in Lyco- 
persicon strains is reported in this paper. 

Experimental 

The detaibd analytical procedure for the more common carotenes in tomato selec- 
tions has been described elsewhere (5). In brief, the foUowing operations were per- 
formed. Representative fruits were homogenized in a Waring Blendor. A 20 g. 

1 Journal paper No. 253, Purdue University Agricultural Experiment Station. 
Studies on Carotenoids No. 9. 

This investigation was supported m part by a grant from the Nutrition Foundation, 
Inc. 

* Present address: Department of Botany, Umversity of Chicago, Chicago, Illinois. 
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sample was then extracted with an acetone-hexane mixture. After filtration the 
acetone layer was removed and the hexane fraction washed three times with distilled 
water. Carotenols and esters were removed from the carotenes by successive ex- 
tractions with 90% methanol, 20% KOH in methanol and again with 90% methanol. 
The hexane solution was then washed with water, dried with sodium sulfate and made 
to volume. Absorption measurements were made with a photoelectric spectrophotom- 
eter (6). 

For qualitative characterization, readings were made at wavelengths 4375 and 4876 
log y(4876 A) 

A. The value of the ratio j indicated whether a tomato selection con- 

log y (4375 A) 

tained principally lycopene and /3-carotene® or whether appreciable quantities of 
other carotenes were present. 

When the ratio value was less than 0.85 or greater than 0.94, the hexane extract 
was chromatographed on a CaCOH)! or MgO and Super Cel (one to one) column. 
Carotene bands were eluted with 10% ethanol in hexane after development of the 
column with 1-10% acetone in hexane. After removal of the polar solvents with 
water, the absorption curve of each pigment was determined. When hexane extracts 
with ratios indicative of the usual carotene system were chromatographed only 
traces of pigments other than /S-carotene and lycopene were found. 

To supplement the studies made on the carotenes of mdividual tomato selections, 
several bushels of fruit, the carotenes of which had odd light absorption ratios, were 
used. These were ground with an electric meat grinder and then dehydrated with 
ethyl alcohol. The remaining pulp was extracted several times with an acetone- 
hexane mixture. Acetone was removed by washing with water. The hexane phase was 
concentrated under reduced pressure and the carotenoids were chromatographed on 
a large MgO-Super Cel column. Several chromatograms were necessary to separate 
each of the carotenes. 

Resttlts 

The relative positions, colors and names of the carotenes separated 
on MgO-Siiper Cel columns are listed in Table I. Various combinations 
of these carotenes were found in different Lycopersicon selections. 

Typical characteristic absorption curves for each carotene band 
listed have been obtained from several sources. In Figs. 1, 2 and 3 
characteristic curves for each carotene are shown. Those in Fig. 3 were 
plotted from original data; the others were taken from the literature. 
Zechmeister's data plotted in Figs. 1 and 2 agree well with data 
obtained in this laboratory. 

Lycopene is a constituent of all red tomatoes. Its concentration 
varies greatly, however. In many yellow tomatoes and in green-fruited 

® jS-carotene and lycopene have nearly the the same absorption ratio (i.e., 0.88 and 
0.94, respectively). 
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TABLE I 


Position and Color, on a MgO-Super Cel Column, of the Principal 
Carotenes of Lycopersicon Fruit 


Color of zone 

Substance 

Red 

all-iroTis-lycopene 

Orange 

neolycopene A 

Clear space 


Red-orange 

T-carotene 

Clear space 


Yellow-orange 

5-carotene 

Clear space 


Brownish-orange 

prolycopene 

Clear space 


Yellow 

unidentified 1 

Clear space 


Greenish-yellow 

unidentified 11 

Clear space 


Pale green 

all-Zrans-f-carotene 

Clear space 


Orange 

neo-/S-carotene JJ* 

Red-orange 

all-fran«-|8-carotene 

Yellow-orange 

neo-jS-carotene B 

Gear space 


Yellow 

all-frans-a-carotene 


species it is present in only trace quantities while, in some small- 
fruited Lycopersicon pimpineUifoUum selections, as much as 300-400 7 
are present per g, of fresh fruit. Federal Plant Introduction selections 
126953 and 127833 produce fruit with the greatest concentration of 
lycopene. 

Neolycopene A concentration is principally a function of the 
lycopene content. Usually only 1 7 of neolycopene A is found to every 
four or five of all-^ra?^5-lycopene. 

7-Carotene has been observed in a large number of tomato selections 
(particularly red commercial types) but in none of these has it been 
found in greater concentration than about 8 7/g. of fruit. 

5-Carotene ® is not a common constituent of commercial tomatoes 
or of other fruits and vegetables. It has been found to the extent of 
about 20 7/g. of fruit in several selections of the following pedigree: 
[Pritchard X Pritchard X Fi (Pritchard X L. hirsidum 127827)] (X). 

* Observed only in canned samples. 

^ Strain (7) has reported the color and posifion of this carotene on mc^esia and its 
li^t absorption maxima in hexane. 
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Prolycopenc has been found in a few selections to the extent of ap- 
proximately 40 7 /g. of fruit. The best sources of this pigment are the 
commercial varieties Tangerine and Golden Jubilee and the experi- 
mental selection Pan American X Fi American X L. hirsutum 

126446)3 0. 



Fig. 1 

Specific Absorption Curves of Carotenes in Hexane 

Unidentified carotene I has two maxima which agree in wave length 
with those of all-cis-lycopene (Fig. 1), but the lower wave length 
ma-viTna. and their characteristic absorption curves do not^^agree. The 
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absorption maxima are more distinct than those of all-cfs-lycopene. 
The differences do not suggest isomerization of all-cis-lycopene or a 
mixture of all-cis4ycopene with carotenes normally adjacent on the 
adsorption column. In quantity this carotene seems to be related to 
prol 3 ^copene. It is present in the same selections in slightly smaller 
quantities. 



Fig. 2 

Specific Absorption Curves of Carotenes in Hexane 

Unidentified II has not been found in concentrations higher than 
5 y/g. (estimated) in any tomato selections. 

f-Carotene (8) is peculiar to several selections of tomatoes. Some of 
these had as much as 60-70 y/g of fresh fruit. The best selections have 
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the pedigree [Pan American X Fi (Pan American X L. hirsutum 
126446)] 0. 

Neo-jS-carotene U has been observed only in canned tomatoes. 
Presumably it results from isomerization of |8-carotene during the 
canning process. 



Fig. 8 

Absorption Curves of Carotenes in Hexane 


jS-Carotene has been found in concentrations ranging from a trace 
to 130 v/g. of fruit. Such high concentrations are many fold the values 
found in present commercial varieties (2-8 v/g. of fruit) (4). Selections 
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of the following pedigree have synthesized the most jS-carotene [(L. 
hirsutum 126445 X Rutgers) X Indiana Baltimore] 

The content of neo-/3-carotene B is a function of the /3-carotene 
content. About 20% of the /3-carotene fraction obtained by chroma- 
tography is neo-| 8 -carotene B, comparable to values found in several 
other vegetables (9). 

a-Carotene is not present in most tomatoes. In a few experimental 
selections of the pedigree hirsutum 126445 X Rutgers) X Indiana 
Baltimore] X (Marglobe X F.P.I. 127827) as much as 15 7 /g. of 
fruit have been observed. 


Discussion 

The development of selections within a species with a greater con- 
centration of a knoAvn substance has been achieved previously through 
crossing and inbreeding. To the writers’ knowledge, however, reported 
increases have not been nearly so great as that pertaining to /3-carotene 
in Lyaypersicon. The production of selections containing relatively 
high amounts of rare substances is new, but not entirely unexpected, 
when one considers the parental material used in this study. The green 
fruited parent L. hirsvium used in many of the crosses contained only 
small amounts of carotenoids. One may assume that the unusual 
carotenes foimd are either intermediates or dde reaction products in 
the overall synthesis of carotenoids in tomatoes Furthermore, one may 
suggest that new gene combinations produced by crossing and selfing 
are responsible for the production of these carotenes in appreciable 
quantities. 

Little is known about the stioicture of 5-carotene. From its absorp- 
tion curve it may be assumed to contain the same number of double 
bonds as 7 -carotene. 5-6arotene was not found consistently associated 
with any one carotene in the various selections in which it was foimd. 

Unidentified carotene II has nearly the same absorption maxima 
as the “T Kgment” described by Bauemfeind, Baumgarten and 
Boruff (10). They reported it to be formed from j 8 -carotene on a column 
of alumina developed with chloroform. These workers were unable 
to separate “Pigment T” substance from “pigment C3a’’ (probably 
f-carotene). In the writers’ laboratory unidentified carotene II has been 
separated from f-carotene on both alumina and MgO-Super Cel 
columns. The former gave good separation between the pigments 
when about 3% of ethyl ether in hexane was used, whereas the latter 
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column was developed with a small percentage of acetone (about 6%) 
in hexane. 

The association of prolycopene, unidentified carotene I, and f- 
carotene in tomato selections was noted, and therefore it may be 
speculated that some relationship exists between f-carotene and ly- 
copene. The fact that their absorption curves are very similar in shape 
may be offered as further support for this speculation. 
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SXIMMARY 


The principal carotenes found in fruit of Lycopersiem species have 
been separated by chromatography (MgO-Super Cel, 50-60) and 
characteristic absorption curves have been presented for each. 

The relative position of the carotenes on MgO-Super Cel columns is 
as follows: 


all-fmns-lycopene 
neolycopene A 
7 -carotene 
5-carotene 
prolycopene 
unidentified I 


unidentified II 
all-fra/is- f-carotene 
neo-jS-carotene U 
ali-irans-jS-carotene 
neo-jS-carotene B 
all-fmns-a-carotene 


Pedigrees of I/ycopersicon selections containing the greatest quantity 
of most of these carotenes have been given. 

These selections provide source material of the uncharacterized 
carotenes, breeding stocks for use in the production of commercial 
tomatoes of higher provitamin A content and genetic material for 
future inheritance studies. 

The discrepancy between the absorption curves of all-cfs-lycopene 
and unidentified I has been noted. 

The association of ^-carotene and prolycopene in several selections 
has been noted, and the possibility of a relationship between the 
former and lycopene has been mentioned. 

The omilarity of the absorption curves of unidentified II and the 
“T pigment” of Bauemfeind et ml. has been mentioned. 
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Naturally Occurring Colorless Polyenes ^ 
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Introduction 

In a research program for the development of tomatoes of higher 
provitamin A and vitamin C content (1) hundreds of Lycopersicon 
fruit have been analyzed for carotenoids. Some selections have been 
found to contain considerable quantities of new or little known caro- 
tenes while others contain large amounts of jS-carotene (2). In many 
of the hexane extracts of Lycopersicon fruit (3) it was early noted that 
the solution fluoresced green when exposed to ultraviolet radiation. 
When these solutions were chromatographed on MgO®-Super Cel 
columns the fluorescent material (bluish-green) passed down the 
column ahead of the a- and jS-carotene bands. From the behavior of 
this substance it was assumed to be the same as the fluorescent material 
first detected by Strain (4) and recently described by Zechmeister 
and associates (5, 6, 7). Further examination of hexane extracts of 
Lycopersicon fruits spectrophotometrically (8) in the ultraviolet region 
established the fact that at least one more colorless polyene is present 
in Lycopersicon fruit. 

Experimental 

Large collections of fruit containing appreciable quantities of the colorless polyenes 
were made.^ The carotenes of these fruits were extracted, concentrated and separated 

^Journal paper No. 254, Purdue University Agricultural Experiment Station. 
Studies on Carotenoids, No. 10. 

This investigation was supported in part by a grant from the Nutrition Foundation, 
Inc. 

* Present address: Department of Botany, University of Chicago, Chicago, Illinois. 

* Adsorptive powdered magnesia No. 2641, Westvaco Chlorine Products, Newark, 
Cahfomia. 

^ Selections of the following pedigree are good sources of the colorless polyenes. 
[Pan American X Fi (Pan American X L. hirsutum 126446)] 
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as described in a previous publication (2). The colorless polyenes were separated from 
the carotenes on a chromatographic column (MgO-Super Cel) with the aid of an 
ultraviolet lamp. A further separation was made between the fluorescent, colorless 
polyene and a non-fluorescent, colorless polyene by the same method. The latter 
precedes the former on a MgO-Super Cel column developed with 1-5% acetone in 
hexane. 

PropertieB of Colorleaa Polyenes 

On evaporation of the hexane under reduced pressure each of the colorless polyene 
fractions remains as a colorless to light j^ellow viscous oil which oxidizes readily. On 



Pig. 1 

Absorption Curve of Colorless, Fluorescent Polyene in Hexane 
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TOoling to — 20®C. each splidifies. Attempts to crystallize each polyene at low tem- 
peratures by methods commonly used for carotenes have not been successful. When 
the first attempts at crystallization were made on the fraction containing the non- 
fluorescent, colorless polyene a large amount of crystalline material was obtained. 
This material however, had no absorption in the region 2200-4000 A and, therefore, 
it was thought to be a saturated hydrocarbon or a mixture of several. Althou^ the 
substance termed non-fiuorescent, colorless polyene is non-fluorescent on a chromato- 
graphic column, it does fluoresce a pale blue color in a very concentrated solution of 



Fig. 2 

Absorption Curve of Colorless, Non-fluorescent Polyene in Iso-octane 
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small volume. In partition studies, the polyenes were not transferred from hexane 
into 90% methanol before or after saponification. Each of the polyenes has a char- 
acteristic light absorption curve (Figs. 1 and 2). 

Discussion 

The colorless polyenes described in this paper are not the only ones 
occurring in tomatoes, for other fluorescent bands have been observed 
on MgO-Super Cel columns. The latter are present in very much 
smaller quantities, however, and may be largely isomers of the fluores- 
cent, colorless polyene. 

From the known properties of the two colorless polyenes (non- 
saponifiable, solubility, positive Carr-Price reaction, position on 
column and light absorption curves) it seems fairly certain that each 
is an unsaturated hydrocarbon. While the polyenes are present in 
many tomato selections, the importance of each is not known. It may 
be that each is related in some way to the more unsaturated carotenes 
(possibly intermediates in their synthesis). A definite structural simi- 
larity between the fluorescent, colorless polyene, anhydrovitamin A 
(9), f-carotene and lycopene (2) is indicated by the similarity of the 
shape of their light absorption curves. 

Acknowledgment 

The authors wish to thank Dr. R. M. Caldwell, Dr. R. E. Lincoln, Mr. W&yne 
Silver and Mr. George Kohler for making available from their breeding nurseries 
fruit of selections of Lycopersicon hybrids used in this study. 

Summary 

Two colorless polyenes have been obtained from friiit of Lycopersicon 
species. They have been separated by chromatography (MgO-Super 
Cel, 50-50). 

The properties of the aforementioned substances indicate that each 
is an unsaturated hydrocarbon. The similarity of the shape of the 
absorption curves of the fluorescent, colorless polyene, f-carotene, 
anhydrovitamin A and lycopene indicates a similarity in structure. 
The possibility that the colorless polyenes may be intermediates in the 
formation of carotenes has been mentioned. 

The presence of other fluorescent, colorless polyenes in much smaller 
quantities in hexane extracts of Lycopersicon fruit has been observed. 
Also crystals of a saturated hydrocarbon or hydrocarbons have been 
obtained. 
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Letter to the Editors 


Succinic Acid Derivatives of Gramicidin 
and Methylol Gramicidin 

A reaction product of gramicidin and formaldehyde has been found 
to have properties of possible therapeutic interest (1). The antibacteiial 
activity of gramicidin is largely retained in this derivative, whereas the 
in vitro hemolytic action and toxicity are reduced. Chemically, the 
reaction lesults in the introduction of methylol groups, probably on the 
2-position of the indole rings of the tryptophan residues (2). The 
presence of new hydroxyl groups in the derivative (hereafter called 
“methylol gramicidin”), corresponding in number to the indole nuclei 
known to be present, is readily demonstrated by means of quantitative 
acetylation (3) with acetic anhydride in pyridine. 

It has now been found that esterification of the hydroxyl groups of 
methylol gramicidin \vith succinic anhydride yields a product, the 
sodium salt of which is completely water-soluble even in the presence 
of other ions.* This is in contrast to unmodified gramicidin which is so 
'insoluble in aqueous media that its usefulness is greatly limited (4), 
The half-succinic acid ester derivative contains free acid groups 
corresponding in number to the hydroxyl groups known to be present 
in methylol gramicidin. It has approximately 25% of the antibacterial 
activity, 1-5% of the in vitro hemolytic activity and only 2% of the 
toxicity of gramicidin. 

When gramicidin is treated directly with succinic anhydride, suc- 
cinyl residues are introduced only on the hydroxyl groups.* The sodium 
salt of this derivative is antibacterially as active as gramicidin. It is 
soluble in distilled water containing 10% alcohol. It retains 20-50% 
of the original in vitro hemolytic activity, but apparently less than 2% 
of the in vivo toxicity. To reduce its hemolsdic activity, it was sub- 

‘ Fart of the ester linkages are not stable at pH 6.85; about 20% were hydrolyzed 
in 20 hours at room temperature, and the material set to a gel (5-10% solution). 

* The hydrojqrl groups occur in the ethanolamine component. Sikcuis, H.. L. M., 
Biochm. J. 39, 355 (1945). 
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sequently treated with formaldehyde. Mild conditions were required, 
as the succinyl ester linkages were labile in the alkaline solutions used 
for the formaldehyde reaction. The most satisfactory prepai’ation was 
slightly more water-soluble, as the sodium salt, than either gramicidin 
or methylol gramicidin, but less soluble than the neutral salts of the 
other succinyl derivatives described above. 


TABLE I 

Efed of Chemical Treatment on Propertiee of Gramicidin 




Nitro- 



Anti- 

Hemo* 

First treatment 

Second treatment 

Add groups 

Solubility! 

bacterial 

lytic 




activity 

activity* 



11 

Eguiv. per 
10*^ gnu 

mo.UOO ml. 

% 

% 

None 

None 


0 

0.6 

100 

100 

Formaldehyde 

None 


0 

2.5 

80 

20 

Formaldehyde 

Succinic 

11.0 

20 

0.9 (>25») 

25 

1^ 


anhydride 






Succinic anhydride 

None 

13.6 

6.6 

1.0 (3.3») 

85 

20-50 

Succinic anhydride 

Formaldehyde 

13.4 

2.2-4.1 

2.3 (4,6) 

75 

10 


^ In 25 per cent alcohol solution containing 0.125 M sodium chloride. Figures in 
parentheses represent the solubility of the sodium salt. 

^ Completely soluble in water and dilute salt solutions. 

’ Was not precipitated from alcohol solution by the addition of distilled water. 

^ The hemolytic activity does not necessarily parallel toxicity (see text). 

Methods, To 1 g. of gramicidin* or methylol gramicidin dissolved in 12.5 ml. of 
pyridine was added 1.5 g. of succinic anhydride. The mixtures were heated for 18 
hours at 40-53®C. or for 1 hour at 80-95°C., then cooled, diluted with water and 
acidified with acetic acid. The insoluble derivatives were separated and washed by 
centrifugation, redissolved in alcohol and reprecipitated and washed with water, 
sodium chloride and/or acetic acid being used to flocculate the material. They were 
then frozen and dried. The sodium salts were prepared by suspension of the acid 
products in water and titration with sodium hydroxide to neutrality. 

The procedure for formaldehyde treatment was as follows: To 1.4 g. of material, 
in 20 mL of 95% ethanol were added 1 mL of 1 W sodium hydroxide and 10 ml. of 
40% formaldehyde. The mixture was held at 40*^0. for 24 hours; then the product 
was isolated by dilution as described above. 

The methods used for the assay of antibacterial (against Staphylococcus aureus) 
and hemolytic activities were those described previously (1). 

Toxicity was estimated in a very limited number of rats by intra- 
venous injection of solutions in propylene glycol, or as the sodium salts 

* We are indebted to Wallerstein Laboratories for a generous supply of gramicidin. 
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in water. Gramicidin was found to be lethal in the dosage range 1.5-3 
mg./kg., and methylol gramicidin, 9-16 mg./kg. (see also (5)). All 
succinic acid derivatives, when administered at levels up to 100 mg./kg., 
appeared to be noninjurious; the succinyl-gramicidin derivative after 
treatment with formaldehyde did not cause death in amounts up to 
265 mg./kg. 


Western Regional Research Laboratory , 
Alhanyj California 

Agricultural Research Administrationj 
U. S. Departmeni of Agriculture, 

May 6, 1946. 


H. S. Olcott 

J. C. Lewis 

K. P. DnacK 
H. L. Fevold 

H. Feabnkbl-Conbat 
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Book Reviews 


Marme Microbiology. By Claude E. ZoBell, Associate Professor of Marine 
Microbiology, Scripps Institution of Oceanography, University of California. The 
Chronica Botanica Co., Waltham, !Mass., G. E. Stechert and Co., New York, N. 
1946. XV + 240 pp. Price $5.00. 

One of the longnstanding “mysteries of the sca’^ is that of the marine bacteria 
and related organisms; their bacteriological and physiological characteristics, their 
numbers and distribution, and their r61e in the biological and physical economy of 
the world^s largest environment. Lacking the ready accessibility and obvious practical 
applications that have, during the past several decades, spurred the enormous progress 
of general, medical, agricultural or industrial bacteriology, the microbiology of the 
sea hfts received, by comparison, so httle study as to constitute practically a virgin 
field of research. Yet the problems are of profound theoretical interest as well as of 
much practical importance. There liave been a number of observations and investi- 
gations, especially in recent years, but the hterature as a whole has been \iidely 
scattered, frequently in more or less obscure publications. Thus, there is a genuine 
need for a comprehensive and critical review of the background, problems and present 
status of the subject. The book provides a notable contribution to this need. 

The important data from diverse sources are gathered into an altogether readable, 
well oiganized discussion, illustrated by tables, diagrams and graphs. Following a 
brief historical background in the firet chapter, the unique characteristics of the 
environment are given in adequate detail in the second; temperature, pressure, 
composition, salinity, oxygen tension, pH, etc. In a full chapter the methods 
of collecting specimens and of enumerating or otherwise studying the microbial 
population of the water at various depths from the surface to the ocean bottoms, and 
the interpretation of the results obtained, are critically discussed before presenting 
the accumulated facts concerning the distribution, general and distinctive character- 
istics, and biochemical activities of the microorganisms. Successive chapters deal 
with the factors influencing distribution, the numbers and kinds of microorganisms 
in bottom deposits, their activities in bottom deposits, the peculiarities of inarine 
bacteria, the aquatic yeasts and molds, the cycles of organic matter, of nitrogen, 
of sulfur and of phosphorus, the relation of inarine bacteria, both parasitic and 
saprophytic, to the flora and fauna, and the microorganisms in inarine air. In addi- 
tional chapters due attention is given problems of purely practical and economic 
importance, such as the survival of human pathogens in sea water, the bacteriology 
of shell fish and other sources of food, the fouling of blip's bottoms or other submerged 
surfaces, and others. The last of the 18 chapters deals with the microbiology of 
inland waters, including both fresh and salt lakes, and the Dead Sea. The 22 pages 
of bibliography include some 600 references. 

667 
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The available facts make the conclusion all but inescapable that the maiine 
microorganisms are of prime importance in the cycle of life and transformation of 
matter in the sea, as in the soil. The evidence, however, is partly on the basis of 
quantitative studies, partly by inference, and much remains to be established. 

Unfortunately, one fimdamental aspect of the subject, viz., the Influence of 
hydrostatic pressure on chemical rate processes and on biological reactions in par- 
ticular, has, until recently, been so obscure that its full signiflcance has remained 
largely unappreciated. It is hardly more than touched upon in the book. Yet nowhere 
in nature does hydrostatic pressure become so important a variable as in the sea, 
where the average pressure is nearly 5,000 pounds per square inch. The amount of 
metabolizable organic matter in the waters of the open sea is generally so low, and 
the bacterial population so sparse, that the signiflcance of microbial processes there 
is uncertain. In contrast, the bottom deposits are rich in both, but they arc generally 
under great pressures. It is now known that pressures of less than 6,000 pounds per 
square inch may profoundly influence the rate of enzyme reactions, rates of growth 
and disinfection of bacteria, denaturation of proteins, and other phenomena, and 
further, that the net effect of the pressure on biological processes is related in both 
direction and magnitude to temperature. Numerous temperature studies, referred 
to in the book, have been carried out under normal pressure in the laboratory, but 
they have no clear significance in the absence of additional pressure data. For, in 
organisms from the depths, pressure may be quantitatively more important than 
temperature, and the “pressure optimum” of growth and metabolism is quite as 
fundamental as the “temperature optimum.” Perhaps the progress of investigations 
along these lines will provide data adequate for extensive treatment in subsequent 
editions of the book. It is no reflection against the first edition that they could not 
be included. The rational basis of pressure effects on reaction rates, and their relation 
to temperature, have been available, in the Theory of Absolute Reaction Rates, 
only since 1935, and have been applied in biology since 1942. 

This book is a valuable and interesting introduction to, and summary of, the 
problems and status of marme microbiology. It is recommended not only to those 
who, unfamiliar with this phase of oceanography and microbiology, will want to 
widen their scientific horizon, but also to those who, actively engage in the general 
field, will find it a convenient source of information and references. 

Frank H. Johnson, Princeton, N. J. 


Annual Review of Biochemistry, volume XIV. Jambs Murray Luck, Editor: 
Annual Reviews, Inc. Stanford University P. 0. California, 1945, x, pp. 856. Price 
$ 6 . 00 . 

Shortly after the advent of this volume, the reviewer bought it and spent many 
profitable hours perusing it in certain circumscribed fields of teaching and research. 
Later, when asked to review it, he spent many more hours reading it in detail and in 
checking many of its references. 'First may be noted possible shortcomings and 
deficiencies. The chapter on amino acids and proteins fails to cover the work of 
Sullivan and Hess, J. Biol. Chem. 155, 441 (1944), wherein the tryptophan content of 
several proteins was determined by four independent methods and an explanation was 
given as to the cause of wide variations reported in the literature. Also the chapter 
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fails in missing a valuable point in the field of denaturation. Thus Hess and Sullivan, 
J, Biol. Chern. 151, 635 (1943), point out that the direct titration of the unhydrolyzed 
protein with iodine in the Okuda iodate method gives cysteine values of the same order 
of magnitude as determined in the acid hydrolyzate of the same protein—a finding 
that indicates that cysteine complexes are present in the native protein in a form com- 
parable to certain thiazolidines. This finding changes the interpretation of the mean- 
ing of certain reactions associated with denaturation — ^the development of (SH) 
groups and so forth— and makes questionable the statement relative to reducing 
groups which are non-sulfhydryl, since some complexes of cysteine which will not give 
a nitroprusside reaction will react with iodine as though the (SH) group were free. In 
the chapter on sulfur compounds mention is made on page 266 of possible low methi- 
onine in legume seeds. Be this as it may, our experimental data indicate a fair amount of 
methionine in legume proteins. In the chapter on carbohydrate metabolism consider- 
ation is given to possible diabetes from alloxantin. The reviewer wisely says that the 
question requires further investigation. Our findings are that alloxantin in solution does 
not stay as alloxantin very long. In the chapter on nutrition attention is given to en- 
riched bread, and on page 445 the reviewers are of the opinion that food habits (f.e., 
liking for white flour) must be recognized. The present reviewer wonders if these 
habits should be recognized as potentially bad and needful of improvement. In the 
chapter on fat-soluble vitamins there is covered, page 546, the question of the bene- 
ficial effects of Vitamin E on muscular dystrophy. Without prejudice as to the value 
of Vitamin E in nutritional muscular dystrophy, we have found it of little remedial 
value in human muscular dystrophy. In this volume there is less reporting of experi- 
ments without statement of results than in earlier volumes. However, on page 350 
such a condition obtains in the question of plasma lipids in patients with rheumatoid 
arthritis. Time would bo saved for the reader if some comparative results were given. 

On the whole the volume is a gold xnine of information and reference vrorthy of 
much praise. The volume covers twenty eight topics of vital interest to workers in 
the field of biochemistry, 772 pages of current reading matter, 33 pages of authors* 
index, and 49 pages of subject index, and over 4500 references! Heading it thoroughly 
led to many new ideas and stimulated a number of research investigations in the 
reviewer*s laboratory. Certain chapters seem exceedingly good. Among these may be 
mentioned The chemistry of the lipids; The chemistry of the amino acids and pro- 
teins; The chemistry and metaboUsm of the compounds of sulfur; The chemistry and 
metabolism of the compounds of phosphorus; Carbohydrate metabolism; Nutrition; 
Fat-soluble vitamins; The chemistry and metabolism of bacteria; and The chemistiy 
of antibiotic substances, other than penicillin. To anyone interested in the progress 
of biochemistry the volume is a treasure house — ^weU worth whatever time or money 
is spent upon it. 


M. X, SxjLLiVAN, Washington, D. C. 
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baking and toasting on nutritional 
value, Block, Caiinox, Wissler, 
Stbffeb, Straube, Fbazieb, and 
WooLBiDGE, 295; mustard gas and — 
— (I), Kinsey and Grant, 303; (II), 
Kinsey and Grant, 311; amino acidb 
of milk proteins, Block and Bolling, 
359; — utilization by the rat, Riesen, 
Schweigebt, and Elyehjem, 387 ; 
ultraviolet absorption of plasma — , 
Lbrner and Barnxjm, 417 

Proteinase, flour — , Harris, Johnson, 
AND Jbsperson, 267 

Provitamin A activity, stereochemical 
configuration and — (V), Neoorypto- 
xanthin A, Deuel, Mesbrve, San- 
doval, AND Zechmeister, 491 

Pseudomonas pyocyanea, pyolipie acid 
from — , Bergstrom, Theorell, and 
Davide, 165 

Pyolipie acid, BbrgstrOm, Theorell, 
AND Davide, 165 

Q 

Quinine, malaria parasite (VII), in vitro 
studies on distribution, Ceithaml, 
ATO Evans, 397 

R 

Rat(s), metabolism, Riesen, Schwei- 
GERT, AND Elvehjem, 387; carotene 
utilization by — , Fbaps, 485 

Resins, anion exchange — , Wilkinson 
AND Martin, 205 

Respiration, — of dermatophytes, Nick- 
erson AND Chadwick, 81; anaerobic 
— of sweet potatoes and ascorbic 
acid, Walter and Nelson, 375; 
spinach leaf — Bonner and Wild- 
man, 497 

Rhodotorula rubra, changes in polyene 
^thesis induced by mutation in a 

red yeast ( ), Bonner, Sandoval, 

Tang, and Zeghbceister, 113 


Riboflavin, — in rat metaboHsm, Ril- 
sen, Schweigebt, and Elvehjem, 387 
Rubber, see Later 

S 

“Sangre de Drago,” pigment of — . 

Sodi Pallares, 235 

Sclerose, amino acids of sclerosed lenses. 
Block and Salit, 277 

Serum, bovine — , Hogness, Gifpbd. 

AND Koenig, 281 

Sodium, — retaming substances of the 
adrenal, Thatcher and Hartman, 

195 

Sodium propionate, see Propionic acid 
Solanum tuberosum see PotcUc 
Spectophotometry, of adenorine deamin- 
ation, Mitchell and McElroy, 343; 
of oxidation of fats (VII), lipoxidase- 
oxidized fatty esters, Holman, 519 
Spinach, — leaf respiration, Bonner and 
Wildman, 497 

Sprouts, vitamin C content of bean — , 
Haugen and Puoan, 227 

Stereochemistry, stereochemical con- 
figuration and provitamin A activity 
(V), Neocryptoxanthin A, Deuel, 
Meserve, Sandoval, and Zech- 
meibter, 491 

Storage, carotene in stored dehydrated 
carrots, Bailey, Dutton, Ambrose, 
Wilson, and DbEds, 125 

Succinic acid, derivatives of gram- 

icidin and methylol-gramiddin, Ol- 
coTT, Lewis, Dimick, Fevold, and 
Fbaenkbl-Conrat, 553 

Sugar, see Amykise 

Sulfonamides, factors influencing the 
maintenance of blood concentrations 
of — SlLBER AND ClaRK, 9 

Sulfur, — containing amino acids and 
iodo casein formation, Galvo and 
Goemine, 531 

Suspensions, see Thromboplastin 
Synthesis, changes in polyene — in- 
duced by mutation in a red yeast 
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(Rhodotonila rubra), Bonnbb, San- 
doval, Tang, and Zechmbisteb, 113; 
acetylcholine — , Torda and Wolff, 

247 

T 

Temperature, see Bakmg^ Dehydration 
Thiourea, — and iodocasein formation, 
Calvo and Gobminb, 531 

Thromboplastin, horse brain — (III) , 
stabilization of activity of suspensions, 
Kazal, Higashi, DeYoung, and 
Barnes, 173; (IV) stabilization of 
activity of dried brain preparations, 
Kazal, Higashi, DeYoung, Brahin- 
SKT, AND Barnes, 183 

Toasting, effect on proteins, Block, 
Cannon, Wissler, Steppeb, Straubb, 
Frazier, and Woolridgb, 295 
Tomato, — pectin methylesterase (pec- 
tic enzymes, VII) McColloch, 
Moyer, and Kertbsz, * 479 

Torula, see Bhodotorida 
Triterpene, — ester from latex, Hen- 
dricks AND Wildman, 157 

Trout, nutrition, of rainbow — Mc- 
Laren, Herbian, and Elyehjem, 433 
Tryptophan, — activity of various com- 
poimds for L. arabinosus and th^ 
influence on the determination of — 
in natural materials, Scewbigert, 
Saeubbruch, Baumann, and Elveh- 
JEM, 1 

Tuberculosis, Mycobacterium — and 
pyolipic acid, Bebgstr5m, Theorell, 
AND Davidb, • 165 


U 

Urine, excretion of B-complex vitaimns 
in the — and feces of seven normal 
adults, Denko, Grundy, Porter, 
Berryman, Friedemann, and You- 
MANS, 33 

V 

V^etables (see also Plants); carotene 
content in raw and dehydrated — , 
Wilson, Ambrose, DbEds, Dutton, 
•AND Bailey, 131 

Virus, southern bean mosaic — (I), size, 
shape, hydration and composition 
Miller and Price, 467 

Vitamins (see also Carotem{s)j Nutria 
tion); — in fungi, Gottubb and Gil- 
LiGAN, 163; B-complex — , excretion in 
the urine and feces of seven normal 
adults, Denko, Grundy, Porter, 
Berryman, Friedemann, and You- 
MANB, 33; — in chicken muscles. Rice, 
Strandinb, Squirbs, and Lyddon, 
251; Vitamin C (see also Ascorbic oc^, 
content of bean sprouts, Hau- 
gen AND PlJOAN, 227; Folic add, con- 
tent and retention during cooking, 
Schwbigbrt, Pollard, and Blvbh- 
JEM, 107 

Y 

Yeast, polyene ^thesis in a red — 
(Rhodotorula rubra), Bonner, San- 
doval, Tang, and Zbchmbistbr, 113 






